











OPTAHIBALIITHO-EKOHOMIYHI 3ACAJI 3BAJIAHCOBAHOIO KOPUCTYBAHHS ITPUPOIHUMU OB’CKTAMU

(byHKIiOHyBaTUMYTh HAWBUII KOHCTUTYIIIHHO
BMOTHBOBaHI HOPMaTUBHO-TIPABOBI, COITIA/IbHO-
€KOHOMIYHi 1 eKOJIOT0-0XOPOHHI CTaHAapTH
skuTTeisbaocTi. ChopMyIb0BaHO HEOOXILHY
Ta JIOCTATHIO MHOKUHY HAYKOBO-TEOPETUIHIX
ACIeKTIB fAK HIAIPYHTA oOpraHizaliiiHo-
eKOHOMIYHUX OPIEHTUPIB 30aJIaHCOBAHOTO KO-
PUCTYBaHHSI IPUPOAHUMU 00’ €KTaMH.

Ha tpetbomy etarmi (2023 p.) ysaraibHe-
Hi OCHOBHI eMITIipUYHI pe3yJabTaTu aHali3y i
CUHTE3y HOPMATUBHO-TIPABOBUX Ta €KOJIOTO-
€KOHOMIYHMX aCHeKTiB MOPIBHIHO 3 KOHC-
TUTYLUIHHUMU iMIIepaTUBaMU, MiATBEPAUIN
Hall HayKOBO OGIPYHTOBAaHI METOAMYHI 3a-
caan 36aTaHCOBAHOTO KOPUCTYBAHHS TIPH-
poxuuMu o6’ektamMu B arpocdepi sIK HayKo-
BO-TIPAKTUYHI KOHCTUTYIIITHO-BMOTHUBOBaHI
nepelyMOBH 3BEPIIEHHS 3eMeTbHOT pehopMu
B YKpaini. BHaciiok 11b0Oro BCTAaHOBJIEHO, 1110
37iliCHIOBaHa B YKpaiHi Tak 3BaHa 3eMeJIbHO-
arpapHa pedopma moTpedye mepIoIeproBoro
BBe/IEHHS B KOHCTUTYIliHe 1oJie YKpaiHu,
Gepyur Bci IPUPOIHI 00'€KTH MpaBa BJac-
HOCTi YKpaiHCBKOTO HApOAy — OCHOBHE Ha-
LioHaJIbHe 6AraTcTBO 1 TOJIOBHUN 3eMeJIbHUI
KarriTas Hallil Ha 3arajibHOHAI[IOHAJIbHUN I10-
3aBigomunii bamarc B HarioHapHOI 3eMeltb-
Hill ycTaHOBI YKpaiHu, CTBOPEHi Ha 3pa30oK
HarionasibHoro 6anky Ykpainu. TeopeTndHo
JIOBEJICHO HEeOOXiIHICTh BUBEIECHHS 3 IHTEH-
CUBHOTO BUKOPUCTAHHS BCIX PO30PAHUX Ji-
JITHOK B arpojianamadTrax, Mo MiJIaraioTh
3aTyKEHHIO, 3aJIICHEHHIO Ta MAIOTh TPYHTO-
BOJIOOXOPOHHE 3HAYEHHST TOIIO. 3’ICOBAHO, 1110
OpratizarfiifHo-TIpaBoOBi MeXaHi3MU, TIOB sI3aHi
3 METOJNKOIO (DYHKITIOHYBaHHS TIPUPOIHO-
pecypcHoOi i TpUpPoI00XOPOHHOI chepamu,
MaoTh (yHKIIOHYBaTH Ha 3acajax K3E —
B yCIX rajly3sx eKOHOMIKU i3 BpaXyBaHHAM
TeH/ICHITIIl PO3BUTKY Ta IPUBATHOI iHIiI[iaTUBU
SK IHHOBAIITHOI 1 PYTIIHOI CUJIN 3POCTaH-
Hs. 3aTPONIOHOBAHO OPTaHaM BJIAAW Heraii-
HO TIPU3YIUHUTH MPOTUIIPABHY MOXKJIUBICTb
npuzabasaTy (nmounHatoun 3 1 ciuns 2024 p.)
B OJTHI PyKM 3eMJTi (JIIJISTHKN ) CIJTbCHKOTOCIIO-
JIAPCHKOTO TIPU3HAYEHHS 3araJIbHOIO TLJIOTIEI0
1o 10000 ra yriae. ITigTBepakeHo morpedy
crBopenns mouaa 500 Tuc. HOBUX TIpUBAT-
HUX CiMelHUX (hepPMEPCHKUX TA CEJISTHChKUX
rocriofapcTs (PoJI0Bi, CiMeliHI MAETKN ), CTBO-

PIOBAaHUX MOJIOAMMU CiM’siMu (TIpiopuTeTHE
IIPABO HAJAETLCA BOIHAM-IIEPEMOXKIAM —
yuacHUKaMu GOMOBUX [Iiif 1 iXHIM pognHaMm),
nepeBakHo, 6e3 HaliMaHUX IPalliBHUKIB, 3a-
rajpHOMO TToniero Maiike 10 MurH Ta Manux
MACHBIB OPHUX 3eMeJThb Ta iHITIX (4—5 MJTH 1a)
MIPUJIETIIUX YTifb.

[lo Toro sk TOJIOBHY POJIb Bi/ITIOBI/IAJIh-
HOI JIOBTOCTPOKOBOI (hiHAHCOBOT MiATPUMKH
B rporieci (hOpMyBaHHS i CTAHOBJIEHHS BCiX
TaKUX TOCMOAAPIOI0YNX CyO'€KTiB Ma€ BUKO-
nyBaTtu brompxer npononosanoi Harionamb-
HOI 3eMeJIbHOI YCTAaHOBU YKpaiHU pasoM i
3a y4acTIo Ipales/laTHUX IPOMaJIsH, SKi ca-
MOCTIHfHO BUPITTyBATUMYTh, B KU COCIO
3/IHCHIOBATU CBOIO KOM(OPTHY KUTTEMISANb-
HICTh Ha BiATIOBIHIN TEpPUTOPii, a TAKOXK —
MiCIIeBUX rPpoMaji Gas0BOTO PiBHSI.

Ha ueprosomy etami (2024 p.) Bcranos-
JIEHO T, M0 TIEPIITOTPUINHOI0 HaraTopiaHOTO
3eMEJIbHOTO OJIYKaHHS YKPAiHCHKOT «eJiTi»
B TIONIYKY HLJILXIB i MeTO/liB (hOpMyBaHHS
CTAJIOTO PO3BUTKY CYBEPEHHOI yKPaiHChKOI
JlepsKaBH, cepeqt IUBITI30BAaHNX HAPO/IIB CBITY,
BUSBMJIACH IiOpUIHA MAaHIIyJSTUBHA [PO-
pajisIHCbKa cUCTeMa 3HaHDb «BiJIOMYOI MOHO-
TOJTi1», KA YKOPiHUJIACh Y HAYKOBOMY Ta Tie-
JIaTOTIYHOMY CepeZIoBUIIl YKpaiHu 1 TJIaBHO
1epepocia B «KOPyMIIOBAHO-OJIrapXiyHy»
CUCTEMY 3aiHTEPecOBAHOCTI — B yCbOMY
MPOCTOPi CYCIIJIBHUX BiJHOCUH. 3’sICOBAHO,
110 /LIS IIO/IOJIAaHHSI HAasBHUX BHYTPIIIHIX
npobsieM y cdepax MoB'sI3aHUX 13 3eMiie-
IIPUPOJIOKOPUCTYBAHHSAM K OCHOBOIO (hop-
MyBaHHS 1 QYHKIIOHYBaHHS KOMQOPTHOI
SKATTEMISTBHOCTI YKPATHITIB HA PiHIN 3eMJT,
BUMArajocsi i BUMara€Tbcs, Mopsi/l i3 HeBi/l-
KJIQJIHUM 31HCHEHHSAM TOBHOI[IHHOI iMILIe-
MeHTaIlil YMHHUX 3eMeTbHIUX HOpM OCHOBHO-
ro 3aKoHy YKpaiHu, 0J[HOYACHO OILIHUTHU Ta
3MO/IEJIIOBATH €KOJIOTO-eKOHOMIUHWH eheKT
GaJlaHCyBaHHSI IHTEPECIB MPUPOITOKOPUCTY-
BaHHS, TIOYMHAIOYM 3 arpocdepn YKpainu.

Kpim Toro, HaJiBaKJIUBOIO IIEPIIOYEPTO-
BOIO i€i0 (CyOCTAHITIEI0) STK YNHHUKOM HaBe-
JIEHHS [TPABOTIOPAAKY B YKPAIHCDHKIi [ilicHO-
CTi € TIpaBAWBI 3HAHHS €KOHOMiKO-TIPaBOBOI
CYTHOCTI KOHCTUTYIIIHHOTO 3eMeJTbHOTO TTpar-
MaTH3MY, /Ie aBTOMATHYHO HAOYBAEThCS «CTa-
TyTHa» (3aCHOBHUIIbKA) YaCTKa KOKHUM
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IrPOMAJITHUHOM YKpainu (posam — YKpaiH-
ChKUI HaApOX), MO € KUBUM i Ma€ JINIIe
€ITHE TPOMAISIHCTBO (BuMora cT. 4 KY) gk
«CIIB3aCHOBHUKOM» JIePKaBU «YKpaiHas i
MTOBHOIIPABHUM <CITiBBJIACHUKOM» 3€MJII Ta
il TPUPOHUX PeCypciB — OCHOBHOTO Hallio-
HAJIBHOTO GararcTsa. ApryMeHTOBaHO, IO Ha-
SIBHICTh OCOGMCTOI YaCTKK B KariTasi Haril
CTaHe PYIIEM TPOIlecy TMPOSBICHHS TPOMa-
JTHCHKUX TIpaB — Jle-tope i fe-akro [16]. 3a
HalTMMU PO3paxXyHKaMU, PO3MIpP «CTaTyTHOI»
YACTKU KOXKHOTO TAaKOTO CITiBBJIACHUKA CTa-
HOBUTHUME [ TIOYATKY B €KBIBaJIEHTI MTOHA[
200 Tuc. moa. CIIIA, mio dikcyerbes Ha crie-
IHaJIBHOMY 0COOUCTOMY PaXyHKY KOKHOTO.

Ilepenbayaerbes, M0 PiYHI CYKYIIHI Haj-
XO/KeHHsT (peHTHa TJIaTa, 3eMeJIbHII T10/1a-
TOK — y cepennboMy Ha piBHi 1% Bix BaprocTi
npupoaHux 00’exTiB) 10 HOBOI HarionaabHoi
3emMesbHOI yeranoBu Ykpainu (Harionanbha
3eMesbHa KOMOpa YKpaiH!) CyMapHO CTaHO-
BuTuMyTh — 90 Muipz o1, CIITA. I1s cymap-
Ha BeJUYMHA 3011bIIYBATUMETHCS [IOPOKY.
[MisectipsiMoBaHe iHBeCTYBaHHS YaCTUHU TTUX
HEMo3nYeHnX KOmTiB (rmouan 50 Mapma moJ.
CIITA — mopoKy), MOYNHAIOYN i3 HACTYITHOTO
POKY HaJIXOJIZKEHb, Y 3/I0POBE PEITPOAYKTUBHE
JITOHAPO/JKEHHS 1 BUXOBAHHS KUTTEAANHOI
YKpaiHChKOI Hallii Ta B PO3BUTOK MaJIUX Ci-
MEWHWMX TOCTIOIAPCTB (CTAaTNX TTPUPOIOKOPHIC-
TyBaHb) i3 BUCOKOIO /I0/IAHOIO BAPTICTIO KiH-
11€BO1 KOHKYPEHTOCITPOMOIKHOI HATYpPaTbHOI
MPOAYKIIii i mpoaykTiB. Hagxomkenns inmol
yactunu noxozis (ronaz 26 mupa non. CIIIA)
Ha 0COOMCTI PaxXyHKH KOKHOTO IPOMaIsTHUHA,
mounHatoun — 3 50 moa. CIIA mmomicsas.
[Iporunosyetrncs, 10 32 yMOB iHT€HCUBHOI
yuacTi Mpare3/IaTHUX TPOMAJISTH Y CUCTEMHOMY
3BePIIEHH] KOMILJIEKCHOI pehopMU BIIPOIOBIK
TPbOX POKIB MOCHIJb 119 CyMa MOKe 3POCTHU
10 70—80 mupa pnoa. CIIIA, abo no 150 goa.
MIOMIiCSTIST KOKHOMY TPOMAJISTHUHY, 1 Tak T0-
JKUTTEBO, 3aJIEKHO BiJl €KOHOMIYHOTO CTAHY
B Jlep;KaBi Ta Bifl PIBHS TeHepyBaHHSI <HETIO-
3UYEHOTO KalliTaTy Hallil».

[loBeneno ii Te, 1110 peasisailisi OCHOBHUX
3aca/l MOJIETTIOBAHHS €KOJIOT0-eKOHOMIYHOTO
edekTy 30aTaHCOBAaHNX THTEPECIB FOCTIOAAPIO-
BaHH:, 30KpemMa B arpocdepi, gk riargopmu
KOMMOPTHOI KUTTEAISAIBHOCTI — Ha Pimnii

3eMJIi, BizOyBaeTbCs BCiMa JOCTYIIHUMU Me-
TOZAMH 1 3ac00aMU, YTBEPIKYIOUH TIPABOBHIA
KOHCTUTYIIMHUH JTaj B YKpaiHi.

HajaskymBuM pe3yJibraToM HayKOBOTO JI0-
CJTI/PKEHHST BBAYKAETHCS Te, 10 KOHCTUTYIIITHO
BMOTHBOBAHI 3eMeJIbHI IMIIEPATHBH B CHCTEM-
HOMY B32€MO3B’SI3KY MTPOSIBJIEHHST 3ACaTHUUUX
HopM-nipunimtiB [leprioro posminy OcHoB-
HOTrO 3aKoHYy YKpainu siK (hyHTAMEHTaTbHUX
YUHHUKIB iICHYBaHHS JiepyKaBu Ta (POPMYBAHHS
KOM(OPTHOI JKATTEISIBHOCTI Y TIOBOEHHU
nepios;, yocoOM00Th JOTTUHUN aJTOPUTM:
«Hemae 3emni — nemae modeil — nemae dep-
scasus. TIpoananizoBaHo oTpeOy HAyKOBO
OOTPYHTOBAHOTO PO3POOJICHHS 1 TIPUITHATTS
Ha 6asi YNHHUX KOHCTUTYIIHHIX 3€MEJIbHIX
HOPM-TIpUHITUITB HOBUX KomekciB Ykpainu:
PO HajIpa, aTMochepHe TTOBITPs, TPYHTH, JIiCH,
BOJIHI Ta 1HIIIi TPUPOHI PECYPCH SIK TPUPOJIHI
00’eKTH 11paBa BJACHOCTI YKPaiHChKOIO HapO-
ny. OGTPYHTOBAHO BUMOTY 0O€31ePEIKOTHOTO
opmyBaHHs yyacHUKaMHU OOHOBHX il Ta uJie-
HaMu iXHiX ciMell 1 6IM3bKUX POANYIB HOBUX
BJIACHUX TIPUBATHUX CIMEHHNX (hepMepPChKUX,
CeJITHCHKUX Ta IHIIUX TOCHONAPCTB HA BUTI/I-
HUX YMOBax SIK KOHCTUTYIIIITHO BMOTHBOBAHY,
OCKibKkM yacTuHa yetBepta cT. 13 KY omno-
3HAa4YHO 3000B’s13y€ <«/epkaBy» (il 3aKOHOLAB-
yi, BAKOHABYI 1 Cy0Bi opratHun) 3a0esneunTy
3aXUCT TIPaBa ycix ¢y’ €KTIB MpaBa BIACHOCTI 1
rocrioziaptoBans [ 17]. Poskpuro HeBinkiaHi
HayKOBO OOIPYHTOBaHI IPUIHOMU 1103a4eProBO-
TO BTIJIEHHS BUMOT HaBe/IeHHST KOHCTUTYIIIITHO-
IO eEKOHOMIKO-TITPABOBOTO MOPSJIKY SK TIEPIIO-
PSIHOI JIAHKW OpraHisalliifHo-eKOHOMIYHIX
3acajl 30aTaHCOBAHOTO MPUPOIOKOPUCTYBAHHSI
Ha HEOKYTIOBAHUX 1 He MOHIBeYeHUX BilfHOIO
TEPUTOPIsX, 30KkpeMa arpocdepu. [T podory
Tpeba BUKOHATH 30a1aHCOBAHO 1 HerailHo, Biji-
HOBIZIHO 10 PO3POOJIEHIX KOHKPETHUX ITPOEK-
TiB BIOPSIIKYBaHHSI, 3a0€3IIeY MBI TTOAAJIbIIE
BUKOPWCTAHHS 1 OXOPOHY 3eMJIi Ta i Tpupo/I-
HUX PECYPCIB Y KOHKPETHUX YMOBAX, — JIUIIIE
3 TTO3UIIi1 3araTbHOHAIIOHATHPHUX IHTEPECiB, —
He ITPUKPUBAIOYHNCH BITHOIO Ta — HE OUiKyI0Un
3aKiHUYeHHS 1.

Bopnouac, f1011i1hHO HATOJIOCUTH HA TOMY;
1o Haie QyHIaMeHTaTbHe HAyKOBE JTOCIiI-
SKEHHSI HaCKPisb 3a0e3Iedye BperylioBaHHsI
AHTUKOHCTUTYIIHHUX 3eMeJTbHUX BiIHOCUH
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1 IPUPOZOKOPUCTYBAHHS B YKpaiHi K Hali-
BaKJIMBIIIUX TPOOJIEM PO3BUTKY HayKOBO-
TEXHIYHOTO, COIIaTbHO-eKOHOMIUHOTO, CY-
CIIIJIBHO-IIOJIITUYHOTO 1 JIFOJICHKOTO TIOTEeHIia-
JIIB MA€ 3arajibHOHAIIOHAJIbHE 3HAYEHHS Ta
CIIPSAMOBAHE HA BPETYJTIOBAHHSA HASBHUX B
Vkpaini sagasrenux mpobeM (3 yacy HaOyT-
TS HE3aJIeKHOCTI — JI0 TIOYaTKy TTOBHOMACIII-
tabHOI BiliHN). Ha mpeBemkmii xaib, i3 24
mororo 2022 p. pomamucsa HenependadyBami
npobJieMu, BHACAIIOK €K3UCTEHIIIHOT BiliHN
P® nportu ykpainchkoi Harii, Haiiienoi Ha
TOTaJbHe 3HUIIEHHS YKPAiHCHKOI fep:KaBu
il — coriaJbHO-€KOHOMIYHOTO, TIPUPOTHOTO i
JIIOICBKOTO TIOTEHITIaJTy.

Buocsuu cBiil ckpoMHUIT HayKOBO-TTPaK-
TUYHUN BHECOK Yy HAIly CHUJIBHY TIEPEMOTY
Ha «BHYTPINTHBOMY (DPOHTI», CHCTEMATHYHO
BUCBIT/IIOI04M 3100yTi HOBI 3HaHHs Ha Gara-
ThOX HAYKOBO-TIPAKTUYHUX KOH(EPEHIIisX,
KPYTJINX CTOJAX Ta Ha iHITNX MyOIidHNX 3a-
X0JaxX, MU BiIBEPTO OOIPYHTOBYEMO PealbHi
MTPOTIO3UTIil 5K Iii.

3okpema, 17 xostasa 2025 p. y pamkrax
MixHaposHOI HAyKOBO-IIPAKTUYHOI KOH(De-
penii «Brius 6i0eKOHOMIKM Ha €KOHOMIY-
He 3POCTaHHS», IO opraHizyBaia Kademapa
HYBill y Tesax «YecHe i rigue gorpumMan-
HS YUHHUX 3eMeJbHUX HOpM KoHcTtuTytrii
Yxpaium — KJI0Y 10 «€KOHOMIYHOTO 3POC-
TaHHS» YKPAIHINB — Ha PiAHIN 3eMJIi», MU Ha-
ronocusn: «Hesanepeunoio sumozoro € me, uio
opeanu (ixni npayisnuxu) depicasnoi 6iadu
(3axonodasua, suxonasua, cyodosa) i Micyeso-
20 camospsdysanns Ypainu, a maxogc euil-
meni (6uxaadaui) maxux ciyncoosyis, y ceoix
0isix — NOG’A3AHUX 13 BUKOPUCTRAHHAM U 0XO-
POHO0IO 3eMi ma ii npupodnux pecypcie (nao-
pa, rpynmu, gicu, ammocgepne nogimpsi, 600,
Giomuuni, enepzemuuni ma iHui pecypcu,), —
30006513011 Kepyeamucs, He Juue 3aKOHaAMU
HeNHcusoi i aueoi npupodu, aie i HopMaMmu
uunnoi KY sx nopmu npsamoi 0ii.

Ha scanv, npaxmuxa nokasye, uwo nepe-
gavicia Oinvwicmy, He me, w0 cmyoenmis, aie
il BUKAOAYUIB T CAMUX KEPIBHUKIE HABUALLHUX
saknadie ma ixnix nioposdinie (paxyrvmemis,
Kagpedp, rabopamopiit), ne 60100i10mMb NPaAs-
OUBUMU SHAHHAMU 3ACAOHUMUX HOPM CIOCOG-
HO MPasa eaaAcHocmi Ykpaincvkozo nHapooy na

3eMI110, 3aCMOCOBYIOUU 2I0PUOHT AHMUYKPaii-
COKI Hapamueu npo 3amodicue (paicvre) scum-
ms (exonomiune 3pocmanis), 30e0LviL020 —
deco mam...».

Takosx 20 mucromama 2025 p. Ha [/les’sit-
HAIATUX pivHuX 300pax KoHrpecy BueHUX
€KOHOMICTiB-arpapHUKiB MOPYIIEHO TUCKY-
cifo Ta BOJHOYAC BUCBITJIEHO B Te3ax Mixk-
HAPOJIHOT HAYKOBO-TTPAKTUIHOI KOH(bEPEHTIii
«CTparerisi po3BUTKY arpapHoro CeKTopy
exoromiku g0 2030 p.: 3aBAaHHS arpOEKOHO-
MI4HOI HayKM», ki npoxoauan B Harionasn-
HOMY HayKOBOMY 1IeHTPi «[HCTUTYT arpapHoi
€KOHOMIKW», HasgBHI (HEWMOBIipHi) B YKpai-
Hi Tpo6JeMH IIOK0 BiCYTHOCTI A0TEIED
(3 yacy yxBasienns KY — 28 uepsus 1996 p.),
He sintiie Kozekey Ykpainu mpo rpyHTH, aje
it Bkpail Heobxignoro Hamionanbroro (Jep-
JKaBHOTO) KaJlaCTPy IPYHTIB YKpaiHu...

[HTErpyfoun cyTHICTh Ta BUCBITIIOIYN
TpoItec O/IepsKaHuX HOBUX HAYKOBUX Teope-
TUKO-METOJANYHUX 3HAHD 1010 OPTaHi3alliii-
HO-eKOHOMIYHMX 3acajl i MeTO/1iB 30a/1aHCOBa-
HOTO KOPUCTYBAaHHSI TIPUPOAHUME 06 €KTaMU
IpaBa BJACHOCTI YKPaiHCbKOTO Hapoay B
arpocdepi Ykpainu, 1o 6asyoTbcs Ha I10B-
HOIIHHIN iHCTUTYyasi3alii YNHHUX 3eMeJTb-
nux HopM KY gk nHopwm mpsamoi fii, 1011i1b-
HO BiIBEPTO 3ayBAKUTH BiIXUJIEHHST HAITNUX
HAyKOBUX pe3yJ/braTiB BiJl IIPUIHATUX CIIO-
cobiB pociKeHHss OaraThMa HAYKOBIISIMU.
OO6’ekTUBHUI 1 peaJbHO MOKJIUBUN TTIOTEH-
HifHUH BIUINB HA NOJAJIbIIE TOTINOJIeHHS
JIOCTIIKEHDb y pakypci ofiepsKkaHuX pe3yabra-
TiB BUKOHAHOTO HAMU MPOEKTY Ta BiJIKPUTI
HaMU HOBI 3HAHHS, JESKOI0 MipoOI0 HeyTie-
pel’KeHO HACTYIAIOTh TAKOX Ha iCHYIOUUN
POCTIP TIGPUIHOIO HEBIrJIacTBa, KOPYMIIO-
BAHOCTI, KPYrOBOI TIOPYKHU Ta Oe3Bi/MOBI1a/b-
HOCTI B 6aratbox cepax CyCIiabeTsa. I3 mx
NIPUYWH, HA Hallle TTePeKOHAHHS (MOKJINBO
yepes BiJIKPUTY BOEHHY arpeciio), MU TaKOXK
BiuyJsiu fiesikuii (piHaHCOBUIA 1 KaJIpOBUIA TO-
JIOJT — BoKe Ha JIPYTUH PiK BUKOHAHHS HAIIOTO
npoexty H/IP. Ognak, HaM gK (KepiBHUKY
pobotu) Ta mpodeciiiHoMy HaAyKOBIIIO 3 BeJIU-
KHUM MTPAKTUIHUM JIOCBIZIOM B/IAJIOCS MaliKe B
6e31epepBHOMY PEKIMI BUKOHATH BCI eTaru
poboru, mmepexdaveni KaJaeHgapHUM ILIAHOM
i TEXHIYHUM 3aB/IaHHAM JIOCJII/KEHHSI, TIPOTe
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Yy CKOHIICHTPOBAHOMY 3MiCTOBHOMY BUTJIS/I
OCHOBHOTO MacCUBY Pe3yJIbTaTiB.

3a mizicyMKamMu poOGOTH Ha JIOCUTH 00'€M-
Hiit 6asi 31100y THX 3HAHb, HAMU IiATOTOBJIEHO
1 Iepe/IaHo /10 IPYKY TaKOK Bi/IMTOBIHY HAY-
KOBY MOHOTpadiio 3 aHAJOTIYHOIO HAa3BOIO
«Opranizaniiino-ekoHoMiuHi 3acaau 30aaaH-
COBAHOI0 KOPUCTYBaHHSI IIPUPOAHUMU 00’ €K-
TaMu B arpocdepi YKpainus, 110 peKoMeH 10-
BaHO /71 TIPE/ICTAaBHUKIB OPTaHiB iep>KaBHOI
BJIAJIV, YUEHUX, BUKJIQ/[a4iB, CTY/IEHTIB Ta BCIX
3aIliKaBIEHUX Y MOTTYKY TIJISXiB PO3B I3aHHS
npobaeMaMy 3eMeIbHUX BiAHOCHH 1 BUKO-
PUCTaHHS IPUPOAHUX PECYPCiB, 0COOIUBO B
arpocgepi Ykpainu Ha 3acajiax YMHHUX HOPM-
NPUHIIUIIB KOHCTUTYLIHHOTO 3€MeJbHOTO
MparMaTusMmy...

BUCHOBKH

Buxonani dpyHmaMmeHTaIbHI TOCTIKEHHST
BrpomoBk 2021-2025 pp. (JIP 0121U108866)
JIaJIi 3MOI'y CKOMIIOHYBaTH OCOOJIMBI Ta aK-
TyaJIbHI OpTaHi3alliifHO-eKOHOMIUHI 3acajn
30aJIaHCOBAHOTO TIPUPOJIOKOPUCTYBAHHSI, 1[0
6a3yIOThCSI Ha 3aKOHAX MIPUPOAM I CYCIIiIb-
CTBa Ta IIJIKOBUTO Y3TOJIKYIOThCS i3 3acajl-
HUYUMU KOHCTUTYIIHTHO-BMOTUBOBAHUMH iM-
repaTuBaMu 3eMeJIbHUX BiIIHOCUH 1 TTPUPOIO-
KOpHUCTYBaHHA B YKpaini. PospobieHi pani-
e aBTOPOM TIPOEKTHU, HOBITHI i/1el, Bi3ii Ta
MIZAXOAN 3 KOMIIJIEKCHOTO MOJIEJIOBAHHSA 1
(YHKIIIOHYBaHHS 30a/1aHCOBAHOTO KOPHUCTY-
BaHHSI IPUPOIHUMEU 00’€KTaMu B arpocdepi
YKkpainu, po3KpuBaoyn eKOHOMiKO-TIPABOBUH
AJTOPUTM $IK CICTEMY HOBUX MEXaHi3MiB KOH-
CTUTYIIHHUX HOPM-TIPUHITATIIB, CTIPUSIIIH BiJl-
KPHUTTIO BIIEpIIe (byHKulOHaJIy KOTHITUBHOI
3eMeTbHOI EKOHOMIKM B YKpaiHi SK HOBOTO
HATIPSMY B €eKOHOMIUHIl HAYTIi, OCKIJIBKU CHC-
TeMa IPYHTYEThCS, He JINIIEe HA 3aKOHAX He-
JKUBOI 1 )KIBOI TIPUPO/IN Ta CYCITLIbCTBA, ajie i
Ha YHIKQJIBHUX 3aCaJIHIUYNX KOHCTUTYIIHHO-
3eMeJIbHUX IMIIepaTUBaX, SIKi € TPUTaMaHHU-
MU JTuIIe AJs1 YKpaiHebkoro Hapoxay. Kon-
CTUTYTIiIiHE TTPaBO YKPAIHCHKOTO HAPOLY HA
3eMJIIO Ta 1l IPUPOHI pecypcu K Ha IIPUPOJI-
Hi 00’€KTU BUMAra€ imMiieMenTaltii 1boro mpa-
Ba 7ie-(hakro. [lTomepeIHho HAYKOBO JI0BEIEHO,
1[0 IIOYMHATHU IIOTPIOHO 3 BiATBOPIOBAHUX Ta
BUYEPIHKUX PECYPCIB K AOCTYITHUX OaraTtcTs

1 pa3oM CTaHOBJISATD JIMIIE NECATY YaCTUHY
BCIX Ta OI[IHIOIOTHCA B 3arajibHOMY I'POIIOBO-
My eKBiBasieHTi B moHas 9 tpuH noi. CIIIA.

Ha ocnosi (popmyBanns i hyHKItionyBan-
Hs HOBITHBOI CUCTEMU KOTHITUBHOI 3eMeJIbHOI
€KOHOMIKHN YKpaiHu — B TIPOTIeci «3BepIiieH-
Hd 3eMesibHOI pecpopmu B YKpaiHi: HOBa 1apa-
JIUTMay, BPaXOBYIOYH BUMOTH JTn(epeHTIiiTHO-
ro (B 9aci Ta TPOCTOPIi ) TTOOJIAHHS HACIIKIB
BOEHHOI arpecii, 0cO6JIMBO B CLIbCHKIN Mic-
1IeBOCTi, Ta 3 TIO3UTIil PiBHS 3aBAaHOI IMKOIH,
0COGJIMBO Ha OKYTIOBAHUX TEPUTOPIsIX, GYI0
CHCTEeMATU30BAaHO OPTaHi3alliiiHo-eKOHOMIYHi
3aca/iu SK [epe/lyMOBHU YCIIiXY.

OTpuMaHi HOBI 3HAHHS MalOTh 3HAUHY
HAYKOBY IiHHICTb, a TaKOK peajbHy IpaK-
TUYHY €KOHOMIKO-TIPABOBY 3aiHTEPECOBAHICTh
YCiX BepCTB yKPailCbKOI CIIIJIBHOTUA — /10 Ha-
BE/ICHHs1 IPABONIOPSI/IKY B yc1x CerMeHTax roc-
[10/JaPCHKOI JISI/IbHOCTI, 110B’SI3aHUX 13 3emJle-
MIPUPOIOKOPUCTYBAHHSM HA «BHYTPIlITHHOMY
(hpoHTi», 6e3 YOro HEMUCIMMA TIEPEMOTA Ta-
KOJK Ha/l 30BHIIIIHIM BOPOI'OM B YMOBaX €K3HUC-
TEHI[iITHOI BITHM TTPOTH yKpaiHIiB. Tomy Taka
0co06JIMBa HAYKOBO-TEXHIYHA IIPOAYKIis 3 Ha-
JIaTOJKeHHST CUCTEMU OpTaHi3allii yrmpasJiH-
HA 1 DyHKITIOHYBaHHS KUTTEAISIBHOCTI B ic-
HYIOUMX yMOBaX YKpaiHu Ha ITPaBOBill OCHOBI
€ JIOTIYHO aKTyaJbHOIO 1 TAKOTO, 1110 Bi/ICYTHS
(Hemae aHaJoTiB) B €KOHOMIKO-TIPABOBOMY
(yHKIiOHAI THIIWX JIepKaBax CBITY.

Y nocsrHeHHi cTaoro KoM(MOPTHOTO TIPOC-
TOPY KUTTEAISIIIBHOCTI TPOMAJISTH YKpaiHU Ha
«BJIACHIH 3eMJIi» B eKOJIOTiuHil 6e3rmerri Ha
€BPOITENCHKOMY PiBHI, 30KpeMa JIJIsT TPOMa/ISTH
NTOOPOBLIBHO 3aiHTEPECOBAHUX MTOBEPHYTH-
¢4 B YKpaiHy Ta iHIIUX YKPAiHIIiB, CTaHe 3a-
IIPOIIOHOBAHUI AJTOPUTM aBTOPOM BIIEplIle,
3TI/THO SIKOTO MePedava€Thest 3 HCHUTH Oi-
1iitHe (3aKOHO/IABYO i HA TIPAKTUIL) BU3HA-
HH$ CTaTyC KOXKHOTO I'POMaJIIHNHA YKpaiHu
(pazom — YKpaiHCHKUIT HAPOM), IO € JKUBUM
1 Mae Jidlie €MHe rPoOMaJTHCTBO (BUMOTA
cT. 4 KY), criiB3acHOBHUKOM Jlep;KaBU i TTOB-
HOTIPaBHUM CITiBBJIACHUKOM 3eMJIi Ta il Ipu-
POHUX pecypciB (OCHOBHOTO HAIliIOHATBHOTO
GaraTcTBa). JloBeIeHO, 110 KOKEH TaKUil rpo-
MafH (Bi HAPOKEHHS JI0 CMEPTi ) MaTUMe B
CTaTYTHOMY KalliTasi Hallii piIBHOBEJIUKY BJac-
HYy 4aCcTKy IPOMa/ITHUHA YKpaiHu (B HAIIOMY
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OPTAHIBALIITHO-EKOHOMIYHI 3ACAJI 3BAJIAHCOBAHOIO KOPUCTYBAHHS ITPUPOIHUMU OB’CKTAMU

BUNAAKY Jiist toyaTky noHazn 200 tuc. gour.
CIITA), sgxa dhikcyBaTUMEThCS y TPOITOBOMY
eKBiBAJEHT] Ha CIEiaTbHOMY 0COOUCTOMY
paxyHKy Ko;kHOro. Ha Takiit ocHOBi 3’1BUTbCSI
3MOTa I[OMICSIYHO [ONOBHIOBATH JOBIYHUN
0coOUCTUI eKOHOMIYHUHT (hOHJT JKUTTEISLIIb-
HOCTi KOKHOTO IPOMaJIdHUHA YKpaiHu g
BJIACHOT'O PO3BUTKY 1 3pOCTAHHSL...
Boauaerbest, 1110 BiAKPUTUHI HAMU YHIKATb-
HUI aJITOPUTM B3aEMOBILIMBY Ta OYiKyBaHi
KIHIEBI Pe3yJIbTaTh yCIiXY, CKJIAJYTh HAYKO-
By HOBU3HY 1 MATUMYTb IIPAKTUYHY I[IHHICTD,
a caMi HayKOBO OOIPYHTOBAHI KOHIIEITYaIbHi
opraHisalliiHO-eKOHOMIUHi 3acaju SK CHC-
TeMa KOTHITMBHOI 3eMeJbHOI €KOHOMIKHU B
YMOBaX IIOBOEHHOTO CTaHy YKpaiHu, 1110 pea-
JIiIByBAaTUMYTBCS BIIEPIle HA KOHCTUTYIIHHO
BMOTHBOBaHIiil OCHOBI, 3aKOHOMIPHO 3a0e3-
[eYyBaTUMYTh OA3UCHUN TPABOTIOPSAIOK Y

3eMJIe-IIPUPOJOKOPUCTYBAHH], TAKOXK BiaOy-
BAaTHUMETbhCSI 3POCTAHHS SKUTTE/ISTbHOCTI
YKPaiHIIiB, OPIEHTYBATUMYThCS HA CTAHIAPTH
€Bpocoiozy.

Ha rakiii ocHoBi BuHKKIIa moTpeba HeBijl-
PUBHOTO TOAAJBIIOr0 BUKOHAHHS (32 HO-
BUM 3aBJIAHHSIM I1iJ[ HAIIIUM KePiBHUI[TBOM )
JIOTIYHO aKTyaJbHOTO TTPUKJIAHOTO JIOCJTi-
JUKeHHs: « EKOHOMiKO-TIpaBoBi OCHOBHM KOT-
HITUBHOI 3eMeJIbHOI eKOHOMIKU 3eMJie-TIPu-
PO/IOKOPUCTYBaHHS B arpocdepi YKpainuy,
sSKe CTaHe TATPYHTS AJsT PO3POOTEHHS
Ypsanom Ykpainu HaJBaKJIMBUX: 3aTaJIbHO-
HarionaspHo1 Konmemnitii i [Iporpamu dop-
MyBaHHsI 30aJIaHCOBAHOTO (CTAJIOTO) 3eMIie-
MIPUPOIOKOPUCTYBAHHA B YKpaiHU, 30pPi€H-
TOBaHUX Ha €BPOCOIO3, a TAKOX BiITOBIIHO
3a/IeKJIAPOBAHUX TTPOEKTIB 3aKOHOIABYUX 1
HOPMAaTUBHO-TIPABOBUX aKTiB.
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Mema pobomu — euznauumu 3miHu y CNPAMOBAHOCMI Npouecie MiHepanizayii«cunmesy
Op2aHiuHOI peuo8uHU Y TPYHMI 3a BUPOULYBAHHS CIIbCLKO2OCHOOAPCOKUX KYAbMYP 30 MIHEepanb-
HUX Ma 0peaHo-mMiHepanvHux cucmem yooopenns. Bukopucmano memoou noavo6oeo docaidy
(cmauionaphuii noavosuii 00caio Ha HOpHO3eMi BUNY2YBAHOMY); NONBOBUX KaMeD; 2A30XPOMA-
moepagiuni; po3paxyHKogi — 045 8uzHa4eHHs numomux empam 3akucy azomy (e N—N,O/
ke CO,/2a) i 6cman06AeHHS CNPAMOBAHOCMI NPOYECié MIHepanizauii<scunmesy opeaniyHoi
DeHOBUHU 3a NOPIBHAHHS 3 NOKA3HUKAMU «eMAn0HH020» TPYHmMY. Bracaidox micno noe’azanux
YUKAIG 8yeneuro ma azomy 0is YUHHUKIE Ha npoyecu 0ecmpyKuyii ceixncoi opeaniunHoi peuosuHu
i cunme3y de novo 6 HazemMHUx exocucmemax 6e3nocepedHb0 6NAUBAE He AUULe HA npoyecu
mpauncgopmayii C y rpynmax, ane i Ha 00Mmin Mixc rpyHmom i ammocgheporo eazonodioHumu
CHOAYKAMU, MOMY BUDOUYBAHHS CiNbCbKO2OCNO0APCLKUX KYAbMYD Y KOPOMKOPOMAUiliHill
ci6o3Mini (Kapmonas — AYMIHb APUL — 20POX — NUEHUYs 03UMaA) Y OUHAMIYI 8U3HA-
ueno inmencusnicms emicii N,O i CO, 3 rpynmy. Pozpaxoeano emiciiine cniggionouwienns
easie (¢ N—N,0/C—COy/2a) ma indekcu minepanrizayii<cunmesy opeaHiyHoi pevo8uHU
TPYHMY 3a NOPIGHAHHA OMPUMAHUX NOKA3HUKIG 3i 3HAUEHHAMU nepenozy, po3MiujeHomy
nopsao iz docaidom. 3a cucmemHo20 GUKOPUCMAHHA MIHEpAAbHUX 000pue 8iomiueHo domi-
HYBAHHA MIHepANi3auiliHUX npoyecie, IHMeHCUBHICMb SKUX 3DOCMAna 3i 30i1bUeHHIM HOPM
dobpus. I1id0 uac 3acmocysanns mykie no gouy npamoi 0ii ma nicasdii coromu (5 m/2a)
3 6I0MAcoi0 NICAANICHUBHOR0 NHONUHO8020 cudepamy ((~2,6 m/2a cyxoi nadzemnoi macu ~+
2,8 m/ea koperie) Hanpim 00CAIONCYBAHUX NPOYECié 3MIHI08ABCA. 3a GHECeHHS HeBUCOKUX
HOpM MiHepanvHux 000puUG no oHy OpeaniMHUX y TPYHMI nepeeaicaiu CUHmemu4Hi npoyecu,
3a cepedHix HopM — npoyecu MiHeparizayii ma cuHmesy 0peanivHOI peHo8uUHU 8DIGHOBANICY -
eanucs. BHeceHHs 8UCOKUX HOPM MiHepanbHUX 000pue no Qony cosomu ii cudepamy xo4a i
NoOKpaujyeano ekonoiuny cumyauilo NopieHsIHO 3 NOKA3HUKAMU, OMPUMAHUMU 3a 3ACMO-
CYBAHHA MYKi6 y uucmomy euenadi, npome He 3ab6e3neuy8anc onmMuUMAaibHUX NOKA3HUKIG
(v rpynmi dominyeasu minepanizayiiini npoyecu). Omoice, 045 3a0e3neueHHs OOMIHYBAHHS
CUHMEMUYHUX NPOYeCci@ y HOPHO3eMi 8UNY2YBAHOMY HE3ACBOEHY POCAUHAMU YACMKY MiHe-
DPanbHUX a30MHUX 000pue nompioHo MemaboaiuHo mpancgopmyseamu @ OpeaHiyHi cnoayKu
3a 6HeceHHs 00 TPYHMY eK302eHHUX ddcepen gyeneyio. Buznauennsa numomux émpam azomy
(e N—N,0/ke C—CQO,) i po3paxyHok koeghiuicnmise minepanizayii<— cunmesy opeaniyHoi rpyH-
MO080i peuoguHU y NPaAKMUyi MOHIMOPUHR08UX 00CAI0INCEHb CIAHY TPYHMIB a2pOUeH03i6 Moice
Oymu nepcneKkmueHuM 0451 OMPUMAHHS OnepamueHol ingopmauii i npuiiHamms HeoOXiOHUX
YNPABAIHCOKUX DIUEeHD.

Karuosi caosa: emicia N,O i CO,, rpynmoea opeaniuna peuosuHa, MiHeparbHuil azom, co-
aoma, cudepami.

© B.B. Boakoron, C.B. Jlimosa, K.I. Boakoron,
B.I1. Cusopenko, JI.A. Illesuenro, T.C. Cacina, 2025
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CITPAMOBAHICTD [TPOLECIB MIHEPAJIBALIT+—CUHTE3Y OPTAHIYHOI PEHOBUHU Y YOPHO3EMI...

BCTVYII

ITpoGiiema opraHigHOi PEYOBUHU IPYHTY
€ OJIHIEI0 3 KIIOUOBUX HA MIJISXY BUPITIEHHS
3aBaHb cTabiji3aii i BiATBOPEHHs IPYHTOBOI
pomtodocti. STk peryJsitop nmotokis 6ioreoxi-
MIYHUX IIUKJIB BYTJIEIH0, a30Ty Ta iHImX 6io-
TeHHUX eJIEMEHTIB, OpraHiyHa PeuOBUHA IPYH-
Ty (OPI) BU3HAETHCA OJHUM i3 OCHOBHMX
YMHHWUKIB COIPUSTINBOTO BIUIUBY Ha PicT poc-
JIH, migTpuManug pisug pH ta ctpykTypu B
rpynrax [1]. HaBite HesHauwe 30iblIeHHS
smicty OPT MoKe MaTH HEpOMOPIIHHO Be-
JIMKUW 1 CIPUSTAUBUE BIJIUB Ha (pi3uyuni Ta
GioJiorivHi BIacTUBOCTI IPYHTY [2].

CbOro/iHi TakoXX CTa€ 3pPO3yMiJuUM, 1110
prpatu OPI npussojsaTh He Julle 10 He-
TaTUBHUX 3MiH y JKUBJIEHHI POCJIUH i HU3II
IPYHTOBUX IMPOTIECiB, 1O 3yMOBJIOE TOTip-
meHHs (Pi3UKO-XiMivHKMX Ta 610JI0TiYHNX Xa-
PaKTEPUCTUK IPYHTIB, ajie i 10 3HauHuX 6io-
cepHrx Herapasis, MepeayciM MoB sI3aHNX
i3 HA/IXO/PKEHHSIM B aTMOC(hepy MapHUKOBUX
rasis. [pyntu € norysxunm mxepesom COo,
N,O ta CHy [3], BOHU MicTSATH NPUOIUZHO
BTpuYi Gisbire ByrJIelo, Hixk atMocdepa [4],
TOMy iHTeHcHBHa Minepanizaiis OPI moske
3YMOBUTH iCTOTHI 3MiHM y TJIaHETAPHOMY
macitabi. Came BHACTIOK IIbOTO CbOTO/HI
MIPOSIBJISIETHCS BeTMUe3Ha 3aI[iKaBJIEeHICTh K
HAYKOBITIB, TaK 1 CyCHIJIbCTBA Ta PETYJISATOP-
HUX OPraHiB HU3KHU KpaiH [0 pobJieMu cek-
BecTpailii ByTJIeIio B IPYHTI.

AHAJII3 OCTAHHIX TOCIIIZKEHb
I IYBJIIKALII

Ak BioMo, y IpyHTax IPUPOJLHUX €KO-
CHUCTEeM KiJIbKICTD 1 CKJIaJl OPTaHIuHOI peyo-
BUHM BU3HAYAIOTHCS JOBIOCTPOKOBUM OaJiaH-
COM MiX POCTMHHUMH HaAXo/KeHHIMU C,
3B’g3aHoro 3 armocdepw, i BrpatraMu ioro
B pe3yJibraTi MiKpOOHOIO PO3KJALaHHI, a
TAKO)K YHACJIOK eposii Ta BuMuBaHus [5].
Ak npaBuiio, y npupoanux ditorenosax i
ITpoIiecy BpiBHOBasKeHi. Y CiJIbCbKOTOCIIOAAP-
CHKUX €KOCHCTEMaX IbOTO JIOCSTTH HE BAAETH-
c4, OCKUJIBKU B HUX 3/I1HCHIOIOTHCS Pi3HOMA-
HITHI omnepartii 3 ynpasiinasg rpyaramu. Ile i
BUOIp KyJBTYPHUX POCJINH, SIKi XapakTepu-
3yIOTbCS PI3HOIO KiJIBKICTIO 1 CKJIAZIOM €KCy-
JIaTiB Ta PENITOK, i pisHi Tuim ciBosmin (abo

JK MTOBHA X Bi/ICYTHICTb); 11 iIHTEHCUBHICTh
eKCIIOPTY POCINH; BUTAC XyA06H, CKOTITYBaH-
HS JIYKiB; /I0JJaBaHHST €K30TeHHOI OpPTaHiqHO]
PEYOBMHU, 3POIIEHHS, YA0OpeHHs, 06p00ITOK
IPYHTY 1 iH. 3a3HavyeHi MpoIesypu MOXKYTh
KOHTPOJTIOBATHU SIK TPOCTOPOBO-YACOBUH PO3-
MTOJIiJT BXITHUX OPTaHiYHUX PEYOBUH /10 IPYH-
Ty, TaK 1 YyTJIUBICTH iX JI0 MiHepaJi3ariii, 1o
3arasiom BrnBae Ha sanacu OPT [6]. [To Toro
3K 0co06aMBOCTI i TpancdopMmalii 3amexaTh
Bijl TUITY TPYHTIB, CTYTEHs 1X HACUYEHOCTI
OPTAaHIYHOIO PEYOBUHOIO, MATEPUHCHKOI TT0O-
poau rtomo [7]. Bigmosigno, mop0 11boro
CIIOCTEPIraeTbCs CUTYallisl BHCOKOTO CTYIIEHS
HEBU3HAYEHOCTI. ¥ HAYKOBUX KOJaX TAKOX
He iCHY€ y3arajbHeHOI TOUYKHU 30py Ha Jii0
Pi3HUX YNHHUKIB Ha MPoIlecy TpaHnchopmarrii
OPTaHiYHOI PEYOBUHU Y TPYHTAX.

Cuti 3a3HaYNTH, 110 BUMiPIOBAHHS Bi/IMiH-
nocteit y Bmicti OPT y rpyHTi 3 10CTaTHBOIO
TOYHICTIO /I/IsT BU3HAUEHHS CTATUCTUYHOI 3HA-
YYIIOCTI BIUIUBY TOTO YU iHIIIOTO YUHHUKA Ha
CeKBecTpallilo BYIJIEIIO € J0BOJI CKJIaJHUM
3aB/IAHHAM $IK Yepe3 TIPOCTOPOBY BiIMIHHICTB,
Tak i yepes BiTHOCHO BUCOKUU (pOH opraHiy-
HOI PEYOBMHH, Ha TJIi SIKOTO BigOyBarOThCs
3mimn [8], ToMy y GimBITOCTI BUTIAIKIB MOK-
Ha 3poOKTH JinIe HaOJIMKEHI 10 peasbHUX
crieHapiiB BUCHOBKH. KpiMm ToTO, icTOTHIM
HEJIOJIIKOM OiJIBIITOCTI 3 ICHYIOUNX METO/IIB
BUABJIEHHS 3MiH Y BMICTi OPT € Te, 110 BOHU
BizloOpaskaroTh IOCTYIOBI 60 JOBIOCTPOKOBI
3MiHU 32 BIUIUBY JIOCJI/I>KYyBaHUX YNHHUKIB, a
He MIBUJIKI peaxilii r(pyHToBOI cuctemu [9].

Haituacrime i yac BCTaHOBJIEHHS 3MiH
y CIIPIMOBAHOCTI TIpoIleciB MiHepaJisa-
1ii«>CUHTE3y OPTaHiYHOI PEYOBUHU B IPYH-
Ti BUKOPUCTOBYIOTb KJACUYHI METOJU PO3-
paxynkis Gamancy OPT [10], Busnauenns
cTynens JabilbHOCTI OpraHiuHol PeYOBUHU
[11], cniiBBigHOIIIEHHST TYMIHOBUX KUCJOT /10
dbympBokucaor [12]. Onnax as HaLiiHUX
BUCHOBKIB 111010 3MiH Y BMiCTi OPT 3a BuKoO-
PUCTaHHST 3a3HAYEHUX METO/IB MOTPEOYIOTH-
Cs1 IOCTHKEHHST TIPOTATOM 6araThoX POKiB.
Tounicth pospaxynkis Ganancy OPI takox
€ HEJJOCKOHAJIOI0, OCKIJIBKU JIOBOJII CKJIA/1-
HO BUBHAYUTH OOCST 1 SKICTh HAIXOKEHHST
BYTJIEIIO 3 KOpeHeBUMHU pelnTkamu. Kpim
TOTO, IPAKTUYHO IIOBHICTIO BUKJIIOYAETHCS
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BpaxyBaHHs Takoro jpkepesia C sk KopeHesi
BU/IIJIEHHS Ta KOPEHEBWH OMajl, a 151 CTaTTS
BYTJIEIIEBOTO OAJAHCY € JOBOJI MOTYKHOO
[13] i mae BpaxoByBaTUCh Y PO3paxyHKax.

Y Toit cammii yac, BCTAaHOBJIEHHS CIIPs-
MOBAHOCTI TIpoIleciB TpaHcdopmaiiii opra-
HIYHOT PeYOoBUHU y TPYHTI (IOMiHYyBaHHS
JIECTPYKTUBHUX Y1 CUHTETUYHUX IMPOIIECIB)
/1 OIIEPATUBHOL OL[IHKY [IEePCIeKTUB BILJIUBY
OKpPEMUX YNHHUKIB HA TpaHcdopmMarliio opra-
HIYHOI PEYOBUHU Ta MPUHHSTTS BiATIOBITHAX
YIPaBJIiHCHKUX PillleHb, € BKpAil HEOOXITHUM.
Jlo TOro K BaxKJIMBUM MO3KE OyTU BUSABJICHHSI
AKTUBHOCTI KJIIOYOBUX GI0JIOTIUHMX ITPOLIECIB,
IO XapaKTepu3yIoTh CIPSIMOBAHICTh peak-
il MiHepasmi3allii<»CUHTe3y OpraHiyHOoiI pe-
yoBUHU. Taknumu mporiecamu € eMicist NoO Ta
CO,. dx BizioMO, 3aB/JSKK TiCHO MMOB’SI3aHUM
[UKJIAM BYTJIEIIO Ta a30Ty, YAHHUKU BILJIH-
BY Ha IPOIECH JIeCTPYKIIil CBixkOi opraniv-
HOT PEYOBUHI i CHHTE3Y de 1000 B Ha3eMHUX
exocucTeMax 6esrnocepesibo BILIMBAIOTH He
Jiitiie Ha niportecu Tpancgopmartii C y rpyH-
Tax, ajie i Ha 0OMiH MiK TPyHTOM i aT™Moc(e-
POIO ra3onoAi6HUMK a30THUMU CIIOIyKaMU
[14; 15]. Opientyiounch Ha Iie, MU 3aIPoO-
MMOHYBAJIN BU3HAUYUTH iHTEHCUBHICTD eMicii
N,O ta CO, 3as1e3KHO Bijt /il OCTiZKYBaHUX
YUHHUKIB JIJIST OT[IHKU TePCIIEKTUB BIJINBY
TEXHOJIOTIYHUX YNHHUKIB Ha CIIPSMOBAHICTD
MPOIleCciB MiHepasli3allii«»CUHTe3y OpraHiyHol
pedoBunM [16; 17]. Bazyouucek Ha Ta3zoxpo-
MarorpadiuHoMy BU3HAYEHH] IHTEHCUBHOCTI
emicii NoO i CO,, po3paxyHkax eMiciiiHOTO
cuiBBigHomenHs (r N-N,O/kr C-CO,) Ta
MOPIBHSAHHI 3 MOKa3HUKAMU MTPUPOAHOTO (i-
TOIeHO03y (TIepeJIir, iJTnHA) SK CBOEPIIHOTO
«€TAJIOHY», B sIKOMY Oio0JIOriuHi 1pomecu €
BPiBHOBaKEHUMHU, MU 3aMTPOTIOHYBAJIN PO3-
PaxoBYBaTH 1HIEKCU MiHepasi3allii<» CUHTe3y
OpraHiuyHOl peYoBUHU. BTiM iHTEHCUBHICTD
BIJIXVMJICHHST IOKA3HUKIB Y TO um iHIHit Gik
BiJl 3HAUEHb «ETAJIOHHOTO» I'PYHTY PEKOMEH-
JTIOBAHO SIK /IIaTHOCTUIHUI €KOJIOTIUHWI Map-
Kep HampsIMy TPOTIECiB MiHepaTi3arlii«CHuH-
Te3y OPTraHiuHOl PEYOBUHU Yy I'PYHTAX arpo-
nenosis [16; 17].

MerTo0 HamUX AOCHI’KeHb, Pe3yJibTa-
THU SKKX BigoOpaxeHo y crarti, OyJ0 BU3HA-
YEeHHS BILUIUBY OKPEMUX CHCTEM YA0ODEeHHsI

CiJTBCHKOTOCIIOIAPCHKUX KYJIBTYP Ha IpOIie-
CU MiHepaJsi3allii«>CUHTe3y OpraHiyHol pe-
YOBUHU y TPYHTI 32 BUKOPUCTAHHS HOBOTO
METOLY.

MATEPIAJIN TA METOJN
JOCIIIKEHD

Hocmimzkenns nmposoanin B 2021 p. y mo-
JILOBOMY cTalfioHapHoMy jocuiai Incruryry
CLIBCHKOTOCIOAAPCHKOI MiKpo6ioJIorii Ta ar-
pornpomucaoBoro sBupobuuirsa HAAH na
YOPHO3€eMi BUJTYTYBAaHOMY B YMOBaX KOPOTKO-
poTatiitnoi ciBo3minu (KapToIisgs — SYMiHb
SpU — TOpOX — MIIEeHUIT o3uMa). Jlocrin
posmouato B 2009 p. 3a yac icHyBaHHS J1OCJIi-
1y BigOyocst Tpu poraiii ciBosminy. Buxigna
(Tepes; 3aKkJIAMAHHAM JIOCTIY) arpoXiMiuHa
xapakrepuctuka rpyuty: pHe,, — 5,3; BmicT
rymycy — 3,03%; azoTy, 1110 JIerko Tifposisy-
€TbCcst — 95 MI/KT IPYHTY; PYXOMUX CIIOJIYK
dbochopy (P,Os5) — 150 mr/kr rpyuty (32
Kupcanosum); B7MicT 06MinHOTO Kasio (K,O)
(3a Kupcanoum) — 108 Mr/KT TpyHTY.

Ioroaui ymoBu. Kiimar y perioni momip-
HO KOHTHUHEHTATbHUN. ATMOC(EPHUX OTIa/IiB
Bumaso 509 MM 3a PiK i3 HAHBUIIIME ITOKAa3-
HUKaMu y TpaBHi Ta aunui. Cepeaaboao00Bi
TeMIIepaTypy BIPOJIOBIK BereTaIliiiHOTO 11epio-
ny Oysn taki: kBitenb — +10°C; TpaBeHb —
+15°C; uepenp — +19°C; munenp — +21°C;
cepriens — +22°C; Bepecenb — +15°C.

[Musaitn moapoBoro mociainy. CibchbKo-
TOCTIOIAPCHKI KYJABTYpH (KapTOIJIsT COPTY
bennaposa, suminb sipuii copty HociBebkui,
ropox copTy lOoTiBCbKUii i TIIIEHUII 03UMa
copty COHEYKO) BUPOTIYBaJIN 32 PiI3HUX CHUC-
TeM ypoOpenus (mabn. 1).

Hocmig mpoBoANTHCS 3a TMOBHICTIO PEH-
JIOMi30BaHOIO CXEMOIO 3 YOTUPMA TIOBTOPEH-
HAMHM Ta ILJIOIEI0 KOKHOI 0CIIHOI [IJISTHKA
43,2 m2. Jlocatig opranizoBano y npoctopi i
yaci.

CBixXy OpraHiuHy pe4oBUHY IIOPOKY, I10-
ypraodn 3 2009 p., BHOCUJIN TIil KapTOTLITIO.
VY BiAnoBigHUX BapiaHTax MOAPIOHEHY COJIO-
My (criBBignomennss C/N =76,9) y kijgbko-
cTi 5 T/ra 3apobJIsiyii y IPYHT Bifpasy IicJst
30UpaHHSI BPOKATO TIIEHUII 03UMOI (HaIpu-
KIHI[ JIUTTHA ) TIJISIXOM JIUCKYBaHHS, MiCJIs
yoro (y BIITIOBI/THNX BapiaHTax ) BUCIBAJIM HA
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Tabuuirg 1. Cucremu ynoOpeHHsl CLIbChbKOTOCIIONAPCHKUX KYJIBTYP Y CIBO3MiHi

V1oGpeHHst KyJIbTyD

KapTOHﬂﬂ HinHb prﬁ ropox TIIIIEHUIA O31Ma
Bes no6pus bes no6pus bBes no6pus Bes no6pus
Comoma, 5 T/Ta a b c
ITpomixuuii cuzepat (JIOMHH a b c
BY3bBKOJIMCTUIA)
Cosoma + cugepar a b c
N4oP 40Ky N30P30K3 N30 P30K30 N3¢ P30K3
N40P40K40 + coJsioma + cuaepar N30P30K30 +a N30P30K30 + b N30P30K30 +c
NgoPgoKso NeoPesoKeo NeoPsoKeo NeoPeoKgo
NgoPgngo + coyioma + cuaepar NGOPGOKGO +a NGOPGOKGO + b NGOPGOKGO +c
Ni29P120K129 NgoPgoKygg NgoPgoKgp NgoPgoKygg
NP 120Kz + comoma + cunepar NgoPgoKgp + @ NgoPgoKgg + b NgoPgoKgg + ¢

IIpumimku: a — nepiuioro poky MicJIsi/isi eK30reHHOI OpraHiqHOl PeYOBUHU; h — APYTOTO POKY MICISIIist €K30-
TeHHOI OPraHiyHoOi PEYOBUHU; ¢ — TPETHOTO POKY MICJsA/1isl €eK30I€HHOI OPraHiuHOI PeYOBUHMU.

TIPOMIXKHUI CUiepaT JIOMNUH BY3bKOJNUCTU.
CujtepasibiHy Macy JIOTUHY i3 CITiBBiIHOIIEH-
Ham C/N~16,2 (~2,6 T/ra cyxoi HaJI3eMHOI
Macu + 2,8 T/ra cyXux KOpeHiB) 3apoOJisiiin
y TPYHT HIJISIXOM JIUCKYBaHHS 3 HACTYIIHOIO
HerynboKo0 opaHkoto (15 cM) 1Mi3HO BoceHU
(KiHeTb JTUCTOTIAzA).

Minepasibti 106puBa y BiANOBIIHUX Ba-
piaHTax IOPOKY 3aCTOCOBYBAIHU y BUTJISIL
amiaugnoi cexitpu (1. p. 34,5%), cynepdocda-
TY IIPOCTOTO rpanyiboBanoro (1. p. 19,5%) ta
Kastito xyopuctoro (. p. 60%), migx kapror-
0 — Kajifo cipuanokucaoro (a. p. 56%).
Docdopui Ta Kamiiini 700puBa BHOCUIM i
OCHOBHMI 00pOGITOK, a30THI — B IEpeAIo-
CiBHY KyJIBTMBAIIIIO Ta Ti/KIBICHHSI.

Tomy, 3a BUpoIyBaHHs KapTOILJIi y IPyH-
Ti BUBHAUAJIM TIPSIMY [0 HA JTOCTIKYBaHi
TPOIIECH SIK OPTaHIYHUX, TaK i MiHEPaTbHUX
JNOOPUB; SUMEHIO — I1EPIIOTr0 POKY IiCJISIiI0
opraniyHux A00pUB i NPAMUI BILIUB MiHe-
PaJbHUX; TOPOXY — JIPYTOTO POKY MiCJISIIiTO
OPTaHIuYHUX 1 PAMY JiI0 MiHepaJIbHUX; IIIlIe-
HUIII 03MMOI — TPETHOTO POKY TICJIS/III0 OpTa-
HIYHUX 1 IPSMY 10 MiHEPaJTbHUX TOOPUB.

Ockinpky BUlle3asHadeHi cucreMu yao0-
PEHHS y JIOCJIi/Ii 3aCTOCOBYBAJM BITPOIOBIK
12 poxiB (3 2009 o 2021 pp.), BBaxkasu, 1110
GioJsoriuni mpouecu y rpyHTi Haby/Iu Xapak-
TEPHUX KOKHOMY BUY YA0OPEHHS O3HAK.

YMOBH NpoOBe/IEHHST aHATI3IB. Y JUHAMI-
11i 32 BUKOPUCTAHHS ra30XpoMaTorpapiyHnx
METO/IiB Y YOTUPUKPATHIN MOBTOPHOCTI BU-
3Havyaau inteHcuBHicTh eMicii NyO i CO, 3
IPYHTY 3aJIe3KHO BiJi arpodoHiB. Jlist ominku
eMicii 3aKMcy a30Ty Ta BYTJIEKUCJOTO Ta3y
B CHCTEMi TPYHT — POCJIMHA 3aCTOCOBYBAJIH
MeTo/1 3akpuTux kamep [18]. Bukopucrosy-
BaJTW MWJIIHAPUYHI KaMepu miametpom 0,3 M
ta 3asumky 0,35 M. Kamepu BcTaHOBTIOBAM
B IpyHTi Ha rambuni 5 cMm. HaBkoso xkamep
pobuI BOASIHY POOKY It Kpamioi i30J1s-
1ii cucremMu Ta 3anobiraHHs BTpaTaM Tasis,
1[0 HAKOTIMYYBAJINCS B Kamepax. Becepeaumny
KaMep TIOMITIAJIN YallKu 3 BOJOT0, /10 SKUX
nepez excrosuiicio gogasanu 20 r kapOipy
KaJbLilo (peakiis KapOiLy KaJbliio 3 BOLOIO
TIPU3BO/IUTH /IO YTBOPEHHS alleTUJIEHY, SIKUI
iHTiOy€e epMeHT peyKTasy OKCHLY a30Ty Ta
gynunsie npotiec aucuMisisiitii NO3~ 1 NOy~ na
cTaziii Bi/IHOBIEHHS oKcuy aszoty [19], mo
Jla€ MOKJIUBICTh BUMIpATH NoO, yTBOpeHMIt
y Xo/1ii potieciB HiTpudikariii i geniTpudika-
1ii). [omma BukopucTannx JIst OCTiIKEHb
KaMmep JI0TIoMara€ OJfHOYaCHO BPaxXOBYBaTH
eMicifo rasis i3 rpyHTy 6e3 pocJIMH Ta 3 PU30C-
(epnoro rpynty. Ilepen yctanoBkoio kamep
POCJIHY 3pi3ajy Ha PiBHI MTOBEPXHI IPYHTY.

Hocmizkenns IpoBOANIN Y YOTUPUPAZO-
Bili moBTOpHOCTI. Ilepiox excmo3utiii 3 are-
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TUJIEHOM cTaHoBUB 3 roz. Ilicag ekcriosuiii
po6u rasy Bizbupasn 3 KaMep 3a JI0IMOMOTO0
HITTPUIII B, TOMITIAJIN Y MeTNYHI BAKyyMOBaHi
dirakoHM 3 TYMOBUMM MeMOpaHaMu Ta J[0-
craBjsii B aboparopito. Kinbkicts NyO y
po6ax BU3HAYAIN HA TA30BOMY XPOMATOTPa-
di «IIBer-500M>» 3 IETEKTOPOM EJEKTPOH-
Horo 3axsary. CopOuiiiHi KOJOHKH 3i crasi
3aBJOBKKHM 3 M 3allOBHIOBAJIU COPOEHTOM
Paropak Q 60—80 mesh. Temneparypa xo-
gonok 40°C, temrepaTypa BHUIIapioBada —
120°C, merextopa — 330°C. ButpaTu rasy-
nocig (aprou 3 meranom 95/5) — 35 cm3/xB.

Bwmict COy y razoBux npobax BUSIBJISIN
Ha razoBoMmy xpomarorpadi «I[Ber-500M»
3 JIETEKTOPOM TEILJIOTIPOBIHOCTI (CTPYM MOC-
Ty 130 mA). CopOutiiiHi KoJOHKH 31 cTaJi 3a-
nosHioBanu copbenrom Paropak Q 60—80
mesh. Temmneparypa kosonok 25°C i gerek-
topa 40°C. Burparu ragy — Hocis (resio) —
20 cM3/xB.

Ewmiciio NyO ortinioBasiu 3a hopmyJioro:

(Ex V) /(Vax §Sx0, (D
ne E — KiTbKiCTh 3aKnCy a30Ty B aHAJII30Ba-
HoMYy 3pasKy, HMoJb NyO; V| — 06’eMm kame-
pu, cm3; V, — 06’eM 3paska, 10 BBOAUTHCS B
xpomarorpad, cm?; § — IIoma momepeIHoro
ciueHHsI KaMepu, M%; ¢ — Jac eKCIIO3MILL.

s Busnavenns emicii CO, BUKOPHUCTO-
ByBaJIU Ty camy dhopmyay, ase E omiHoBaIN
SIK KIJIbKICTD BYTJIEKUCJIOTO Ia3y B aHAJII30Ba-
HOMY 3Pa3Ky, HMOJIb.

Brpatu azoty Ta Byrieio, cipuuynHeHi
BUKHMJIAMU JOCJIIKYyBaHUX TasiB, OyJu oIi-
HeHi Ha TekTapi 3a 100y, BPaXOBYIOUH MOJIe-
kyJssgpay Macy NoO ta CO,, yac ekcrosnirii
KaMep y TOJIi ! TIJI01ILy Kamep.

OTpuMaHi MOKa3HUKU MTOPiBHIOBAIN 3i
3HAUEHHSIMU <«eTaJOHHOTO» IPYHTY. BinHoC-
HUM €TaJIOHOM CJIyTYBaJIa JIJISTHKA TIEPeJIoTy
(32009 p.), mrormmero 0,75 ta, po3MilneHa mo-
PSM 13 CTaIlioOHApHUM JoCTioM. BiamoBigHo
JI0 3AIIPOITIOHOBAHOI METOIMKY PO3PAaXOBYBAJIN
iHJIEKCU MiHepaJtizallii«>CruHTe3y OpraHiyHoi
pedoBuHM (I\ic) K BiTHOTIEHHS MOJTYJIST Pi3-
Hutli emiciiinoro criBBiHoneHHus r N—N,O/
Kkr C—CQO, IpyHTY «€TaJIOHHOI» AIJSTHKH i
IPYHTY arpoLeHo3y [0 IOKa3HUKa eMiciiiHoro
cruiBBigaoments r N—N,O/kr C—CO, «erta-
JIOHHOT» JIJISTHKU:

Ive = (Eep — Earpo) / Eep (2)
ne Iyic — iHzexc MiHepasi3alii<s CUHTe3Y;
E., — ewmiciitne cniBBignomennsa r N-N,O/
kr C—CO, «eTaloHHOI» MIAHKY; Eypp, — €Mi-
ciitae criBBignomerHs T N—N,O/kr C-CO,
B arpoIeHosi.

3riHO 3 METOAUKOIO, 32 IHTEHCUBHUX Mi-
HepaJi3aliifHuX MPoIieciB y TPYHTI TTOKa3HU-
ki Iy MaroTh Bix'emui sHauenns. Habu-
JKeHHsT 3HayeHb injgexcy 10 «0» (1mokasHuk
«ETAJIOHHOTO» TPYHTY) TPAKTYETHCS SIK CTaH
BPIBHOBAKEHOCTI JIOCJI/KYBAaHUX TTPOIECIB.
Koun orpumani pesysibraTi MaioTh 3HaK «+»,
e CBiIYUTh PO AOMiHyBaHHS iMMOOii3a-
MIHHUX (CMHTETUYHNX) MPOIECiB Y IPYHTI
[16; 17].

Craructuuni amaaisu. Pisuuio B 1o-
kazHnkax emicii NyO i CO4 Mixk BapiaHTamMm
otinioBasin 3a Bukopuctanis ANOVA. 3na-
yenns imoipHocTi <0,05 BUKOPUCTOBYBaJIH
JUISI BCTAHOBJIEHHSI CTATUCTUYHO 3HAYMMUX
BigminHocTeil (Statistica 6.0, StatSoft Inc.,
CIIIA).

_ PE3VIIBTATH
TA IX OBTOBOPEHHS

CunpsimoBaHiCcTh TpoLeciB MiHepayi3a-
Lii<>CHHTE3y OPraHiYHOi PEeYOBUHH Y IPYHTI
i/l KapTOIUIEIO 3AJI€KHO Bifl yI00peHHs. Sk
BiJIOMO, 3aKHUC a30TY YTBOPIOETLCS B PE3YJIh-
Tari MikpoOHOI TpancdopMallii CIIOIyK a30Ty
B TPYHTAX, i TIOCUJIIOETHCS, KOJIU JTOCTYITHUI
N nepesuniye norpebu pociaus [20]. 3Ba-
JKAloYM Ha Te, MO IUKJIKW BYTJIEINO i a30Ty
TiCHO TOB’sI3aHi MiK cOOO0I0, CITIBBITHOIICHHS
emiciitanx BTpaT N-N,O i C-CO, 3 TpyHTY
SIK Peakxilisi Ha BIJIUB TEXHOJIOTIYHUX YNHHU-
KiB 32 BUPOIILYBaHHS CiJIbCbKOTOCIIOAPCHKUX
KYJIBTYP MO’Ke 3HAUHOIO MipOIO BijloOpaskaTu
0cO6MBOCTI Iepediry OKpeMux 010JI0rYHUX
npotieciB y rpyHTi. Onep:kadi HAMU pe3yJib-
TaTW TiATBEP/KYIOTD 110 T€3Y i [03BOJISIOTH
OTIepaTBHO BU3HAYNTH CIIPSIMOBAHICTD TIPO-
11eCciB MiHepaJi3allii«»CIHTe3y OPraHiqHoI pe-
YOBWHU B TPYHTI 3a PI3HUX CUCTEM yI0OPeH-
HSI KYJIBTYD.

[Tposeneni y dasy cxoniB KapTOILTi /10-
CHLJPKEHHS CBiYaTb, 1[0 HAaBiThb y IPYHTI
KOHTPOJIBHOTO BapianTta, jie 3 2009 p. He 3a-
CTOCOBYBaJIM JOOPUB, PO3BUBAIOTHCS MiHEpa-
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gizartiiini ipotiecu (Iyc=—0,08), 1110, Blporl/:[-
HO, 3yMOBJIEHO TEXHOJIOTIYHUMU OTePallisiMu
3 00pOOITKY TPYHTY 32 BUPOIYBAaHHS CLJIb-
CHKOTOCIOAAPCHKUX KYIBTYD (mabn. 2).

[MosutusHi 3uaventst Iyc (+0,05) orpu-
MaJIU 32 JI0ZIaBaHHA JI0 TPYHTY COJIOMH, IO
HOSICHIOETHCSI POZBUTKOM IMMOO1mizaIiiinux
MTPOIIECIB.

3a BUPOIIYBaHHSA SK MPOMIKHOI cHjie-
PaJIbHOI KYJIBTYPHU JIIOTTUHY BY3bKOJUCTOTO
CITOCTepiraan mepeBaskaHHsa MiHepaJsisaliii-
HUX TIPOTIECIB HAJl CHHTETUYHUMU — [\ MaB
sxauennst —0,12.

3a moeHaHHA COJOMH 3 HIOMacoI0 pPo-
MIKHOTO CUZEPaTy OJep:KaHO Pe3yJIbTaTH,
gKi cBigYaTh Npo HAOJIMKEHHS IHPOIlEeCiB
MiHepaJi3aiii<»CUHTe3y OPraHiyHOl PeYOBU-
HU /10 cTaHy BpiBHOBakeHHS (Iyic AOPIBHIOE
—-0,04).

Haii6inpui noKasHUKKM ITUTOMUX BTPAT
N—-N,O cnocrepirajiu 3a BAKOPUCTAHHS JIJIsT
ya00OpeHHsT KapToILIi MiHepaJbHUX A00PUB.
3poctamu Takox i emiciitai BTpatu C—CO,,.
3 MiABUIIEHHSIM HOPM MiHEpaIbHUX TOOPUB
rasonoaibHi BrpaTu 000X AOCIIIKYBAHUX
rasiB 3pocTaju, BiAIOBIAHO, 30iIblIyBaJIK-
cs i Big'emui mokasauku Iy (Bix —0,55 y
Bapianti 3 BHeceHusaM N;oP40K,o no —0,69
3a BUKopucTanHs Ny9oP90Kj90), 110 BKazye
Ha IHTEHCUBHMI PO3BUTOK Y IPYHTI MiHepa-
Ji3aIiiHuX mporeciB. ¥ ToW camuil yac, 3a
BHECEHHsI MiHEPaJIbHUX J100PHB 110 (POHY «CO-
JiomMa + cujiepar» CUTyallist icTOTHO 3MiHIOBa-
sacs. Tak, 3oxkpema, y BapianTi «N4oP40Kyo +
cojioMa + cujepars JOMiHyBajgu iMMOOGiIi-
3aIliifHi TPOoIecH, PO MO BKA3YE MOKA3HUK
Iyic 31 3HakoM «+». 3a BHeceHHst NgyPgoKgg
110 (hoHY COIOMU 3 CH/IEPATOM TIPOTIECH MiHe-
pasizarii«>CuHTe3y OpPTraHiYHOI PEYOBUHU B
IPYHTI MPAKTUYHO BPIBHOBAKYBAJIUCIT —
Iyic nopiatoBas —0,03. 1 sume 3a 3actocy-
BAHHS HAWOIMBITOI B MOCiNI HOPMU TYKiB
(Ny90P190K499) 10 opraniunomy cdony curya-
I Xo4a i mokpantyBanacs — [yc 3MeHIy-
BaBcs 3 nosuauku —0,69 1o —0,21, npote He
JlocsiTaia ONTUMAJIbHUX 3HAYEHb, 1110 CBij-
YUTb PO HAAMIPHICTD 1€l HOpMU TOOPUB 3a
JAHUX YMOB.

3pocranust nutomux BTpar N—-N,O y
Mipy 301JIbIIIEHHS HOPM MiHepalIbHUX JOOPUB

MOKHA 0yJ10 6 HOSACHUTU MiKPOOIOIOTiYHOI0
TpaHchoOpMaIlielo He3aCBOEHOI pOCIAMHA-
MU YaCTKU MiHEPAJIBbHOTO a30TY, ajie TaKOXK
3pocrana it emicist COy (1uB. Bapiantu 3 cuc-
TEMHUM 3aCTOCYBAaHHSM JIMIIE MiHEPaJbHUX
TOGPUB), IO MOXKE CBIAUUTU TIPO JAECTPYK-
TUBHUH BILIMB MiHEPAJIbHOTO a30Ty HA OpTra-
HIYHY PEYOBUHY I'PYHTY (MOXKJIUBO, 30Kpe-
Ma i ctabimpny OPI 3a gedinury B rpynTi
CBIXKOI opraniunoi pedoBunn). Brim 3a BHe-
CEHHsI MiHEPATbHUX JOOPHB TI0 OPTAaHITHOMY
hony, sikuii 3a6e31eUy€ JIErKOAOCTY THUI JITst
I'PYHTOBUX MiKPOOPIaHi3MiB BYyTJICIlb, HA/JIN-
IIOK MiHEPJIbHUX CIIOJIYK 30Ty (He3acBOeHa
pOCTMHAMHU YacTKa A00puBa) MeTaboiTHO
3B’s13y€erbest (iIMMOO1IIBy€EThCs ), BIAIOBIAHO,
3MeHNIyeTbes emicist NoO.

Y npyruii cTpok poBe/IeHHST AOCTi/IKEeHb
B arpoileno3ax kaprTomi (dasza 1BITIHHS)
OTPUMaHO CXOsKi peaysisrati. [ToaioHi pesyib-
TaTH OJIeP>KaHO TaKOXK 1 HAITPUKIHII BereTa-
uiitnoro nepioxy kapromi (aus. maéa. 2).

InTeHCcUBHICTH NpPOIECiB MiHepaJi3a-
Iii<>CHHTE3y OPTraHiYHOi PEYOBHHH Y IPYH-
Ti arpoIeHO3iB STYMEHIO SIPOTO 3AJIEKHO BiJ
ymoopenns. ITi yac BUKOHAHHST JOCJIIKEHb
B arpoIieHo3ax HAaCTYIHOI B CIBO3MiHi KyJIb-
TypU — SYMEHIO SIPOro, Jie crocTepiraiacs
HEPIIOro POKY MiCJsi/Iist OpraHiyHuX JOOPUB i
NPSIMEI BIUTHB MiHEPAJTbHIX JOOPUB Ha IPYyH-
TOBI TIPOIECH TA TPOAYKIIIHHUIH MTPOIIeC KyJIb-
TypH, y a3y CXO7IiB Bi/IMIYeHO TTPeBaATIOBAH-
HS CHHTETHMYHMX TIPOIECiB y TPYHTI BapianTa
3 cosiomMo10 (TIOKa3HUK [yc 31 3HAKOM <«+»).
Y BapiaHTi 1Mepnioro poky MicJsiil JIOTUHO-
BOTO CUJIEPATy MOKasHUKU [y;c BiKe He Oyim
HACTLIBKY HEraTUBHUMH, K Lie OyJIo BimMmi-
YeHO B I[epIINi PIK 3aCTOCYBAHHS 3€JIEHOIO
no6pusa. TIporecn MiHepatisarii«s CHHTE3y
OPTaHiuHOl peYOBUHU BIIPOJIOBK BereTalliii-
HOTO Tiepiofty HabJIMKAIUCS 10 CTaHy BPiB-
HoBaxkeHHs (maou. 3).

JloMinyBaHHS CUHTETUYHUX TIPOILECIB Y
TPYHTI T/l SYMEHEM CIIOCTepiTasu 3a BHe-
CeHHST HEBUCOKHUX Ta CePeIHIX y J0CTi/li HOPM
MiHePaIbHIX 10OpUB 110 (hOHY TIEPIITOTO POKY
micasail cosoMu 3 cuziepatoM — Iyc, Biano-
Bigno, +0,14 i +0,03 (nuB. mabn. 3).

[loennanus HaliBUIIOI 3a BUPOIIYBaHHSA
sSYMeHt0 HopM# TYKiB NggPggKgg 3 micasiieto
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t.1. BOJIROI'OH, B.I1. CUJIOPEHRO, /I.A. HIEBYEHRO, T.C. CACIHA

opraniuHoro oHy xoua i TOKpaluiIo Crps-
MOBAHICTB JIOCJII/[PKYBAHUX MTPOTIECiB (TTOKa3-
HuK [yc 3menmryBascs 3 —0,52 no —0,21),
poTe He JOMOMOTJIO MOBHICTIO BUPIIIUTHU
pobJiemy.

V¥ dasi Buxony B TpyOKY criocTepiranu
CXO0KY, 3 HE3HAUHUMU BiJIXUJIEHHIMU T10-
KasHUKIB, cutyamnito (qus. maon. 3). Y dasi
MOJIOYHO-BOCKOBOI CTHUTJIOCTI STYMEHIO 3a-
rajioM BiMIYaJM CXOXKI 10 BHUIIEONMUCAHUX
0cO6JUBOCTI TIepediry JOCTiIKYBaHUX MIPO-
meciB. Tax, 30Kpema, TepeBaKaHHSI CUHTE-
TuuHUX 1potieciB (Iyc 31 3HAKOM «+») crio-
CTepirajM y TPYHTI BapiaHTIB 3 MiCJSII€T0
COJIOMM, 3a MICJASAAIT COJIOMU 3 CHUIePATOM,
3a BHecenHs1 N3gP30Ks3) mo dony micmsanii
OpraHiuHuX H06PUB, a TAKOK HAOJIMKEHHS
3Ha4YeHb /10 TTOKA3HUKIB Mepesiory y TPYHTI
BapianTa «Ng)PgoKgy + comoma + cumepar»
(IMC = *0,01

CnpsiMoBaHiCTh 6i0JIOTiYHHX TPOLECIB Y
IPYHTI i/ FOPOXOM 3aJI€;KHO Bil arpooHy.
[IpoBesennst mocizKeHb B arporieHo3ax To-
POXY JIEMOHCTPYE JIOMiHYBaHHS CHHTECTUIHUX
MIPOIIECiB y IPYHTI 32 IPYTOTO POKY MiCJIAIil
COJIOMH, JIPYTOTO POKY MICTSAIIT cuiepaTy Ta
ix moepnanus (Iyc Bignosizno: +0,06, +0,04
i +0,05) (maban. 4).

[Tiz gac 3acTocyBanHs JinlIe MiHEPATHHIX
JNOOPUB CIIOCTEPirasy PO3BUTOK MiHepaJiisa-
niinux mpoiteciB. Cutyaitist iCTOTHO TIOKpa-
IyBaJIacs 3a BHECEHHS MiHepaJIbHUX 10OGPUB
10 (hOHY JIPYTOTO POKY TiCJISAIii COTOMU i CH-
nepanbHoi Macu. Tak, aKio Iy 3a BHECEHHS
1o 1pyHTty N3oP30K3) ctanosus —0,49, To 3a
BUKOPHUCTaHHS 1i€i HOpMU T0OPUB 110 (hOHY
JAPYroro poKy micssii opraHmHm pevYoBUHUI
MpoIecH MiHepasi3allii«>CUHTe3y B IPYHTI
onTnMisyBasucs (MOKa3HUK [yjc CTAHOBUB
+0,01).

3a BHECEHHS CepPeIHbOI B JIOCTiIi HOPMU
TyKiB — NGOPGOKGO IMC 3pocTaB 10 —0,57,
MPOTe 32 3aCTOCYBAHHS ITi€1 cCaMOi HOPMU Mi-
HepaJbHUX H00pUB 10 (DOHY TCASAIIT coOMU
3 cuzepaToM BiH 3HMIKYBaBcs g0 —0,11. 3a
BUKOPUCTAHH: HaHOLIbIIOL B ZOCIiAI HOpME
n06pus nokasHuk Iyc caras —0,99 i geuo
3MEHIITYBaBCS 32 BHECEHHS TYKiB 110 (hOHY
micssaii opraniunoi peuosunu — jgo —0,71.
3Ba)kaloyu, 10 3a Ii€i HOPMU TYKiB MOJXKe

3HU3UTUCH 1 HpOJj[yKTI/IBHICTb cUMOIOTHYHOT
azoTdikcartii, il ekoJoriyHa HEJIOIIJIBHICTD
He BUKJIWKAE CyMHIBY. Ha Hamry mymKy, Taky
KiJIbKiCTh 0OPUB, 30KpeMa, MiHepaJbHOTO
a30Ty, TTOTEHITITHO MOXHA TpaHchOpMyBaTH
B JIOIJTHHY JIAIIIE 32 TIOTIOBHEHHS TPYHTY J10-
JTATKOBOIO CBI3KOIO OPTaHIYHOIO PEYOBUHOIO 3
mupokuM criBBigHomenas M C/N, 1o Moxke
3abesneunTyt TpaHCHOPMAI0 PEAKTHBHOTO
a30TY B IPYHTI B OpraHiyHi CIIOJIYKU.

[IpoBenenns nocuipkens y (asi 1BITIHHS
TOPOXY JIEMOHCTPYE CXO3Ki 3 BUIIEOTTMCAHUMHI
3aJIe;KHOCTI, X04ua aOCOMIOTHI MOKA3HUKM Il
BigpisHaics (aus. mabi. 4).

Hocmimxennas, BUKOHaHI B arpoIleHO3axX
ropoxy y ¢asi yreopentst 606iB, 3arajioM Iiji-
TBEPAWJIN BiIMiUeHi BUIIE CIIOCTEPEKEHHSI.
3a Ipyroro poKy MicJszii COTOMU, JIOMTUHO-
BOTO cujiepaTy i X MOeAHAHH Y IPYHTI 1epe-
BR)KAJIM CUHTETUYHI TIPOIECU — Pe3YJIbTaTh
CBiUaTh, 1O 3a IIMX YMOB CHUTYyaIlist OyJa
HaBITh KpalllOlo 32 CTaH MPOIECiB y IPYHTI
TIepesiory.

Crioctepirajin BPiBHOBa)KEHHS MPOIIECIB
MiHepaJi3allii«>CUHTe3y B IPYHTI 32 BHECEH-
HS HaliMEHII0I HOpMU MiHepaJbHUX J00pUB
o (GoHy APYroro PoKy Micasaii eK30TeH-
Hoi opraniunoi peuoBunu (Iyc=0) i neske
NpeBaJIOBaHHS TIPOIleCciB MiHepasizallii y
BapianTi «NgoPgoKgy + comoma + cunepar»
(Iyic=-0,18). 3a BukopucTanus HalBUIIOI
Hopmu MiHepanbHuX 100puB (NggPgoKg) Bia-
MivyaJu iHTeHCUBHUI PO3BUTOK MiHepaJi3a-
miHux nporeciB — Iyc nopisHioBas —0,75.

3acTocyBaHH4 Ii€] caMOl HOPMH TYKiB 110
(bony nmpyroro poxy micaszuii conomu i cue-
paTy 3MeHIIyBaJio moKasHuk Iyc 10 —0,50.

Oco06smBoCTI IIEpediry mpoiecis Minepa-
Ji3anii<>CHHTEe3y OPTraHivHOi PEYOBHHH Y
IPYHTI arpoileHo3iB nineHuIi o3umoi. I1ix
yac BU3HAUYEHHS eMicii JI0CIII/KYyBaHUX Ta3iB
13 IpyHTY IIiJ HIIEHUIEI0 3araJIOM BiMiueno
Bi/IHOCHO HEBUCOKI TOKazHuku (11010 3Ha-
4YeHb, OTPUMAHUX 32 BUPOIIYBAaHHS ToTIepe-
JIHIX y CIBO3MiHI KyJIBTYp), 30Kpema i 3a BU-
KOpHUCTaHHs MiHepaabuux go0pus. Ha namry
JLYMKY, 1€ MO’KHA TIOSICHUTH IHTEHCUBHITITIM
PO3BUTKOM POCJIUH TIIEHUTI i (hopmyBan-
HSIM O1/1bIIOT TIPOAYKTUBHOCTI KYJIBTYPHU I10-
PIBHSTHO 3 STYMEHEM 1 TOPOXOM 32 OJTHAKOBUX
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YMOB BUPOIILY BAHHS. 3a OLIbIIKX PiBHIB ypo-
JKAITHOCTI BUKOPUCTOBYEThCS Oibla KiJib-
KiCTh TIOKUBHUX PEYOBUH, 30KpeMa if a30Ty
3 1O0OPUB, BIAIIOBIAHO Y IPYHTI 3a/IMIIAETHCS
MEHIIIa KiJIbKICTh PEaKTUBHOTO a30TY, 110 He-
OIMIHHO MAa€ TTIO3HAYUTUCS Ha IHTEHCUBHOCTI
eMmicii NQO i COQ

3a TPeThOro POKY MICJIsA/Iil COIOMH 1 CH-
JlepaTy 3aTyXa€ iX BITUB Ha OCJI/KYBaHi
npoiecu. Y BecHsHy (asdy KylleHHs TIie-
HUTII 03UMOI1 y >KOJJTHOMY 3 BapiaHTiB HaMU
He BIZIM{YeHO TTOKa3HUKIB [y(c 31 3HAKOM «+»
(maba. 5). Opnak pisHUIT MK Bapiantamu
MpoCcTexKY€EThCs. Tak, 3a TPeThOTO POKY TIiC-
JISIIT COIOMM, JIIOTTMHOBOTO CUAEPATy Ta iX
[OEHAHHS TIOKA3HUKY [yjc HAOJIMKAJICS 10
«0», 110 CBiUUTD 1IPO eKoJIoriyHe Gaarono-
JIyq4st y TPYHTI X BapianTiB. | HaBmaky, 3a
BUKOPUCTAHHS MiHepaJIbHUX J0OPUB Bix'€MHi
3HaueHHs [yjc OyJIM OXHUMU 3 HailOiabIIMxX
y IOCJIiI, 10 TOTO K 31 30iJIBIIEHHSIM HOPM
TyKiB BoHM 3pocTtaiu (Bix —0,57 3a BHECEHHS
N30P30K30 10 *0,67 3a BHECCHHA NSOPGOKGO i
no —0,84 3a 3actocyBanHust NgyPgoKgg). Bon-
HOYAC, 32 BHECEHHs MiHepaabHUX H0OPUB 110
(hony TpeTborO POKY TICIAIIT COTOMH i JITO-
MMTHOBOTO CH/iepaTy iHTEHCUBHICTh MiHepa-
JI3AINHUX TIPOIECIB Y rpyHT1 JICILIO 3MEHIITY -
Bastacd. CX0:Ki 3a71€KHOCTI, X04a 1 3 pI3HUMHA
abCOJIIOTHIME 3HAYEHHSIMU CIIOCTEpiranu
TaKOXK 1y HacTynHi ha3u opranoreHesy Iiie-
HUIII 03UMOI (AUB. maon. 5).

Cuript BiIMiTUTH, TII0 cepe/l YNHHUKIB BILJHU-
BY Ha mpoilecu Tpancdopmailii opraniuaoi
PEYOBUHM y TPYHTAX arporieH03iB UM He Hall-
GLTBIIT IUCKYCITHUM € TaKUI arporpuiiom, siK
3aCTOCYBAHHS MiHEpaJbHUX A00PUB, 1 0C00-
JINBO a30THUX.

MinepasbHII @30T € OTHUM 13 HAUTIOTY K-
HIITUX BayKeJsiB BIVIMBY HA (hOPMYBaHHS BPO-
JKAHOCTI CIJTbCBKOTOCTIONIAPCHKUX KYJIBTYP.
¥ Toli camuii yac, HEBUCOKI CTyIIEeH] 3aCBOEH-
HS KYJBTYPHUMU POCJAVHAMU [iI0Y0i pevuo-
BUHM 3 CUHTETUYHHUX a30THUX A0OpUB —
y Mexax 35-50% [21], mpusBOIsITH 10 TOTO,
10 HEBUKOPUCTAHA POCTUHAMU YaCTUHA Mi-
HEPAJIbHOTO a30Ty MOKe HEraTUBHO BILIMBATH
Ha ctaH MoBKiJuIs. [le 1 3a0pyTHEHHS TPYHTO-
BUX BOJI Ta BOJOWMMUI HITPATaMu, I[e TaKOXK
i emicisg 3akucy azoty. OKpemi JJoCiKeHHS

CBiIYaTh, MO BHECEHHS MiJBUIICHUX HOPM
A30THUX T0OPUB MPU3BOANUTH TAKOXK i 10 iH-
TeHCUBHOI ecTpykiii crabinproi OPT [22;
23]. Opnak, HeraTUBHUI BIJIUB TPUBAJIOTO
BUKOPHCTAHHS CUHTETHYHUX a30THUX T0OGPUB
Ha cTablIbHY OPT, ocTaHHIM YacoM, CTAaBUTh-
ca mig cymuis. Tak, na gymky Poffenbarger
et al. [24], miHepaibHMil azoT 3abe3neuye
301JIBIIEHHS 3aTTaciB OPraHiuHOT PEYOBUHY B
IPYHTI BHACJIZIOK BILIMBY Ha 3POCTAHHS POC-
JUHHOT GiomMacu, 0coBIMBO 3a 3aCTOCYBAHHS
arpoOHOMIYHO ONITUMAJIbHUX HOoTo HOpM. Hns-
Ka JIOCJIIHUKIB TaKOK BBa)KAIOTh, I1[0 CUHTE-
TUYHE a30THE TOGPUBO MOKE 3MEHITYBATH
minepamizamnio OPT [25; 26].

Ha namnry nymKy, clipaMOBaHiCTh Ta iHTEH-
CUBHICTb TIPOIECIB MiHEpai3allii«>CUHTe3y
OPTaHiYHOI PEYOBUHN B TPYHTI 32 BILJINBY Mi-
HepaJIbHOTO a30TY 3aJeKUTD BiJl KOHKPETHOT
ekocucreMu (TepeayciM Bijl piBHSI a30THOTO
yI0OPEHHST; KPiM TOTO, BayKJIUBUMHU YMHHU-
KaM# MOKYTh OyTH THUII [PYHTY, PiBeHb H0ro
HacuyeHHs opraniuaum C, BuJ| cibchbKoOroc-
MOZIAPCHKOI KYJIBTYPH, iCTOPid 1oJd 1 iH.).
Y 3B’43Ky 3 UM JIOIiJIBHO 3TaJlaTH 0CJIi-
JUKEeHH, 10 (DIKCYITh PO HEOOXiTHICTH
OTNITUMI3allil CTeXiOMeTPUYHOTO CIiBBiHO-
HIeHHS PEAKTUBHOTO a30TY 1 IOCTYITHOTO JIJISA
MIKpPOOPTaHi3MiB BYTJIEIIO B TPYHTI JJIs JIO-
csarHeHHst Gaxkanoi cekBecrparii C [27; 28].
Ile omocepeakoBaHO MATBEPIKYETLCS Pe-
3yJipTatamMu Hamoro gpocainy. [lonepennii
BHCHOBOK MIO/IO T[bOTO TAKWil: 3aCTOCYBaHHS
KOKHOI HOPDMU MiHEPAJIbHOTO a30Ty CJiJL Cy-
TIPOBO/IKYBATH CTEXIOMETPUYHO Bi/ITOBIZTHOIO
KIJTBKICTIO JIOCTYITHOTO [IJIS1 MiKPOOPTaHi3MiB
BYTJIEIO. Y HAIIOMY JOCJI/[PKEHHI Ha YOPHO-
3eMi BUJIYTYBaHOMY JIJIsT OTITUMI3Allil CUTyartii
3a BHECEHHS Cepe/IHiX HOPM MiHepaJIbHOTO
azory (10 60—80 Kr 3a7eKHO Biji KYJIBTYPH)
JIOCTATHBO BHOCUTU 5 T/Ta COJIOMU 110 (HOHY
MIPOMiKHOTO JIIOIMTMHOBOTO CHIEPATY.

[{o6 onrumisysaru Giosorivni mporecu
B TPYHTI 3a THABUIIEHNX HOPM a30THUX 106~
PUB TIi€] KiTBKOCTI CBI3KO1 OPraHivHOI peYOBH-
HU HEAOCTaTHBO. TOMY /171 BPIBHOBA)KEHHS
MIpoIIeciB MiHepasTi3allii«»CUHTe3y B IPYHTI B
IIbOMY BUTIAIKY MOKHA 200 301TBIINATH Kilh-
KicTb IMIIeHUYHOI cojoMu, abo 10/aTKOBO
3aCTOCYBATH COJIOMY SUMEHIO SPOro, KU
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BUPOIIYETLCA B CiBO3MiHi. be3nepeuno, Kisb-
KiCTh JIOCTYITHOTO BYTJIEITIO JIJISI KOKHOTO KOH-
KPETHOTO BUIIAJIKY TOTPIOHO ab0 BU3HAYATU
eMITiPUYHO, IIPOBOASYN JOCIiAN, 200 HIJISXOM
MojemioBanHs. Kpim Toro, 3ampomnonoBaHi
METOMYHI THAXOAU MOKYTh OYTH KOPUCHU-
MU, OCKIJIbKM iX 3aCTOCYBaHHS JOIIOMAarae
OTIEPATUBHO OI[IHIOBATH CUTYAITIIO.

Cutijt BiIMITHTH, TIIO0 BUKOPUCTAHI Y JIOCJTi-
i opranivyni 100puBa IeMOHCTPYIOTH JOBOJIL
HPOJIOHIOBAHMI BIUIMB Ha GiojoriyHi npo-
necu y rpyuTi. Tak, BueceHHs B IpyHT 5 T/Ta
COJIOMH CIIPHSLIO PO3BUTKY IMMOOLTI3aIiAHIX
MPOTIECIB YTIPOJOBK TPhOX POKIB — [yc 32
BUPOIIYBAHHS KapTOILIi, SUMEHIO 1 TOPOXY
OyJI IIO3UTUBHIIMH, 1 JIMIIE 32 TPETHOIO POKY
MICTSA/IIT COTOMMU, TIi/T 9ac BUPOIIYBAHHS TIIIIe-
HUIII 03MMOI CITOCTepiraan 3aTyXaHHs CUHTe-
TUYHUX TIPOIECIB Y IIbOMY BapiaHTi.

3a IJTaHyBaHHS JIOCJTI/IKEHb MU OYiKyBa-
Jiu, 10 cujaepaibHa Oiomaca Oy/e JTOCUTH
HIBUIKO MiHepasi30BaHOIO 1 He XapaKTepu-
3yBaTUMETbHCSI TPUBAJIOIO Micsiero. Brim
OTPUMaHI pe3yJbTaTh CBiUaTh PO JOCUTH
[IPOJIOHTOBAHY MiCIA/iI0 TPOMIKHOTO CH-
JlepaTy Ha CUHTETHYHI Tpoiecu. MokanBo
IIbOMY CIIPUSIOTH KOPEHEBi PEITTKU JIIOTTHHY
BY3bKOJIUCTOTO. Tak, BifIoOMO, 1110 BHECOK KO-
PEHIB JI0 3aTaJIbHOTO BMiCTy CTabilbHOI OPT
HabaraTo BUIIMIA, HIK HaJ3EMHHMX PEIITOK
pocJiu [29].

YpokaiiHiCTh CLIbCHKOTOCIOIAPChKUX
KYJBTYP 3aJI€5KHO Bi/l CHCTEM yIOOpPEHHS.
OO61IK yposKallHOCTI CLIBCHKOTOCIIOAAPCHKUX
KYJBTYP Y JIOCJi/Ii IEMOHCTPYE 3aJI€KHICTh
MOKa3HUKIB Bi/l YNHHUKIB YI00PEHHSL.

[Inanytoun B oCIi/Ii BHECEHHS 10 TPYHTY
COJIOMU, MW OYiKYBaJIM HA 3MEHIIEHHST BPO-
JKaHOCTI KYJIBTYP, 3Ba’KAlOUN Ha BiJlOMe TIe 3
noyaTky XX CT. SIBUIIlE TUMYACOBOTO jiepilu-
Ty MiHEPAJIBHUX CITOJIYK a30TY /IJIsI POCJIVH 32
3aCTOCYBAHHS COJIOMU BHACJIZIOK KOHKYPEH-
1ii 3 PYHTOBUMU MiKpoOpraHismMaMu i HeoO-
XiTHICTh 0/JaBaHHS KOMIIEHCATOPHOI 03U
MiHEepaJbHOTO a30Ty. TMM He MeHIIe, Y J0c-
JIIL MU BIZIMITAJIM T€HIEHIIIIO JI0 3POCTAaHHS
BPOJKAITHOCTI KYJIBTYP 3a iX BUPOIILyBaHHS 110
oy mil Ta micasamii comoMu 6e3 T0TATKOBOTO
HAJIXO/IKEHHSI MiHEPAJbHOTO a30Ty JI0 IPyH-
Ty. Ockimbku gocin posnouato B 2009 p.,

MU TOSICHIOEMO TaKuil eeKT MOCATHEHHSIM
crabisizanii okpeMux 6i0JI0rYHIX TIPOIIECIB Y
TPYHTI 3a 11e# 4ac i BiICyTHICTIO 3a IINX yMOB
KOHKYPEHIIil 32 a30T Mi>K POCJIUHAMMU i MiKPO-
opraHi3MaMmu.

3a BUKOPHUCTAaHHSA TIPOMIZKHOTO CUJIEPaTy
CIIOCTEpiraan HOCTOBipHe 306iIbLIeHHSI BPO-
sKaitHocTi Kaprormai (Ha 25,1%) 1 TeHmeH o
JI0 3POCTAaHHS MMOKA3HWKIB 32 BUPOILYBAaHHS
HACTYIHMX y CiBO3MiHI Kyabryp (mabi. 6).

JlocToBipHUI IpUPICT yposkaltHOCTI Kap-
tori (Ha 16,8%), stamentio (ua 16,6) i ropoxy
(1a 23,9%) 3ab6e3nedrsio MoeHaHHsT COJOME
3 cuzeparoM. [JIs mmmeHuTIli micasa/ist CoToMu
i cujiepaTy CrpusJia JIUIie He3HAYHOMY 3pPOC-
TAHHIO BPOKAWHOCTI.

3acrocyBaHHs MiHepaJbHUX A0OPUB Y
TEXHOJIOTISIX BUPOILYBaHHS CiJIbCbKOTOCIIO-
JIapChbKUX KYJIBTYp 3abesnedyBajio icTorHe
MiZIBUIIEHHS 1X YPOKAWHOCTI, /10 TOTO 3K TIPH-
picT mocumoBaBcs 3i 301TBIIEHHSAM HOPM
TyKiB. 3a IoeIHaHHs MiHepaJbHUX ZOOPUB
3 COJIOMOIO 1 cHUIepaToM BifiMiuaIu YiTKY
TEHJICHIIIIO0 /10 3POCTAaHHS YPOXKAWHOCTI, a B
OKPeMUX BapiaHTax i JOCTOBIpHI NMPUPOCTHU
BPO’KAIO TIOPIBHIHO 3 TIOKa3HUKAMU BapiaH-
TiB, /i BUKOPUCTOBYBAJIU TYKW Y YUCTOMY
Bursagi (aus. maéa. 6). OTxe, Take MOEAHAH-
HS € TO3UTUBHUM He JIUIIIE B €KOJOTIUHOMY
BI/ITHOIIICHHI.

Tomy, onepskani pe3yabraTl CBiI4aTh, 110
3aIPOITIOHOBAHI METO/IMYHI PillIeHHS /I0TIOMa-
rafoTh OTTEPATUBHO BU3HAYATH iIHTCHCUBHICTD
emicii NyO i CO, 3 rpyHTy i 32 po3paxyH-
KaM¥W MATOMUX BTPaT a30Ty y BUTJISL 3a-
kucy 1poro enementy (N—N,O Ha oguHUITO
BTpauenoro 3 rpyuty C—CQO,) ta injekcis
MiHepaJi3allii«>CMHTe3y OPraHiyHOl PeYOBU-
HU B IPYHTI CIlocTepiraTé 3MiHU, 3yMOBJIEHI
cucTeMaMy yAOOPEHHs CLIbChKOIOCIIOAAP-
CBKUX KyJbTYp. MeTox Moske OyTu Kopuc-
HUM JIJISI €KCTIpec-BU3HAYCHHS BIJIMBY Pi3-
HUX TeXHOJOTIYHUX YUHHUKIB Ha CIIPAMOBA-
HICTh ITPOTIECiB MiHepai3ailii<»CuHTe3y op-
TaHIYHOI PEYOBUHU B IPYHTI 1 NPUUHATTSI
OIlePaATUBHUX YIIPABJIIHCHKUX PillleHb.

Bucoka wyTtmmBicTh razoxpomarorpadiu-
HOTO BU3HA4YeHHs aKTMUBHOCTI emicii NoO i
COy, MOKJIMBICTH BAKOPUCTAHHST JIOCTATHBOI
KIJIBKOCTI €KCITO3UITIMHUX KaMmep JJs HiBe-
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Tabauia 6. YposkaiiHiCTh CiIbChKOTOCIOAAPCHKUX KYJIbTYP 3aJI€5KHO BiJl CUCTEM Y00 PEeHHS

Kaprormsa Auminp spuit Topox ITienung o3uma
Cucremu ynoOpeHHs yposkaii- | mpupicT | ypoxkaii- | IpupicT | yposkaii- | mpupict | ypoxkaii- | mpupict
HIiCTh, | 10 KOHT- | HICTh, | /0 KOHT- | HIiCTh, |10 KOHT- | HIiCTh, |70 KOHT-
T/ra | posmo, % T/ra | pomo,% | T/ra |pomo,% | T/ra | pomo, %
Bes 106puB, KOHTPOJIL 17,96 — 2,23 — 2,18 — 3,22 —
Cosioma 19,22 7,0 2,42 8,5 2,30 5,5 3,31 2,8
Cunepar 22,47 25,1 2,54 13,9 2,37 8,7 3,43 6,5
Conoma + cuzmepat 20,97 16,8 2,60 16,6 2,70 23,9 3,41 59
MinepasibHa HEBUCOKA 23,25 29,5 3,12 39,9 3,08 41,3 4,42 37,3
Misepanbua Heucoka +| o4 rg | 353 | 341 529 | 338 550 | 4,65 44,4
cosioma + cuzepar
MiHepasibHa cepeHs 36,35 102,4 3,88 74,0 3,60 65,1 5,27 63,7
Minepanbua cepemist + | g9 46 | 1141 | 416 86,5 | 3,95 81,2 | 543 68,6
coJjioma + cujepar
Minepasbha intencusna | 41,12 128,9 4,34 94,6 4,13 89,5 5,49 70,5
ylHepm’Ha IHTEHCHBHA | 49 49 | 136,2 | 4,45 996 | 4,55 | 1087 | 566 75,8
cojsioma t cujepar
HIP; 1,85 — 0,33 — 0,25 — 0,37 —

JoBaHHA edeKTy IIPOCTOPOBUX I'PYHTOBUX
BIZIMIHHOCTEI, 1aI0Th MOSKJIUBICTD 13 BICOKOIO
TOYHICTIO CIIOCTEPiraTh 3MiHM y HarpsimMi 6io-
JIOTIYHUX TPOTIECIB Y TPYHTI.

BUCHOBKH

[Ipsma mis Ta micasist eK30TeHHOI op-
raHiyHol pe4yoBUHM Yy BUIJIAJL COJIOMU Ta
6ioMacy IIPOMIZKHOIO JIOIMHOBOIO CHepa-
Ty TIO3UTUBHO BILJIMBAE HA TIepebir mporecis
MiHepaJi3arii«>CUHTe3y OPraHiyHOl PeYOBH-
HU Y YOPHO3€eMi BUJIyTyBaHOMY. Biius coJio-
MU i cujiepaty Ha JIOCJIi/IKyBaHi MpoliecH 3a-
TYXa€ B Yaci, IpoTe MPOCTEKYETHCS TIPOTITOM

TpupiuHoro nepiony. CucremHe 3acTocyBaH-
HST JTUTIe MiHEPAJIbHUX T0OPUB TIPU3BOIUTH
JI0 PO3BUTKY MiHepasi3aliiiHux mpoieciB y
YOPHO3eMi BUJIyTYBaHOMY. 31 30i/bIIEHHIM
iX /103 IeCTPYKTUBHI MPOTIECH B TPYHTI 3poC-
TaIOTh.

3a BHeCeHHsI MiHepaJbHUX AOOPUB IO
(ony nii Ta micaamii cosomMu i TFOTTMHOBOTO
cujiepaTy HEBUKOPUCTaHA POCAUHAMU 4aCT-
Ka MiHepaJbHUX CIOJIYK a30Ty MeTaboJiuHO
3B’s13y€eTbest (IMMODITIBY€EThCST) MiKpoopra-
Hi3MaMU, BiIMIOBITHO 3MEHIITYETbCI HETATUB-
HUI BIJTMB TYKiB HA JOBKLJLJIS 3arajioM i Ha
TPYHT 30KpeMa.
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3ABPYJIHEHHS TPYHTY PYXOMUMU ®OPMAMU
BAXKKWX METAJIIB YHACJIIIOK BOMOBUX II1
HA TEPUTOPIi MUKOJIAIBCHKOI OBJI.
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Y ecmammi euceimaeno ocobausocmi 3a6pyoHenHs 3emenb PYXOMUMU CHOAYKAMU BANCKUX
Memanie enacaidok botiosux diil. O6’exkmom docaioncensv cayeyeanu 19 30ipHux npo6 rpyH-
my, 6idibpanux y n’amu aoxauisx va mepumopii Ilepeomaiicoxoi TI' Mukoaaiecvkoeo ma
Chieypiscokoi TI' bBawmancvkoeo p-ny Mukoaaiecvkoi 06a. Tpu nokauii éxaouaru 3emai
CiNbCbK020Cn00apcbK020 NPU3HAUeHHS, AKIi nepedysaiu nid nocmiinumu oocmpiramu nio
uac 80€HHUX 0ill, 08I — 3eMAi HecinbCbK020Cn00apcbKoeo NPUHAEHH — 8UP8A HA Micyi
3pYiHO8aH020 I0 6UOYXY CKAADY MIHEPaAbHUX 000puU6 ma Ainis 000poHHUX cnopyd. Y pesyiv-
mami nposederno2o 00CMedceHHs 3eMeNb CilbCbK020Cn00apcbko20 NPU3HAUEHHS 6CIMAHOBACHO
Hadeucoke (nepesuwienns y 6,5—11,2 paza) 30invuterts emicmy pyxomux cHOAYK MapeaHyio,
icmomne nepesuuients Kaomir, mMioi, kobarbmy, céunyto, Yyurky. Pieensv 3a6pyonenns ycix
A0Kayii obcmediceHux 3emend ciabCbk020cno0apcbko2o NPU3HAYeHH PYXOMUM CHOAYKAMU
Mapeanyr — caabkull, Kaomiro — nomipuuil. 3agikcosano 3HauHy éapiabenvHicmy 3a pieHem
3a0pyOHeHHs ceuHyeM [ KoOarbmom (8i0 eiocymHocmi 0o dyace 8UCOK020 Pi6HS 3a0pYOHeHHS).
Biocymue 3ab6pyonenns pyxomumu cnoaykamu YuHKy, Hikearo, Xpomy, mioi (6 o0uiii npoobi
3agixcosano crabke 3a0pyonenns). Ilepesaea IJIK 3a emicmom pyxomux cnoayk mikpo-
enemenmie He suseaeHo. Biomiveno, wo 3a yirbosum npusHaueHHAM 00caiodiceni mepumopii
MOJICHA 3acmocogyeamu auule nicas pekyrsmuseayiinux 3axodie. 0606’13K08UmM 3ax000M €
3anpoeaodiceHHs NOCMiliHo20 MOHIMOPUHRY eK0A020-MOKCUKOA02IMHO20 CIMAHY TPYHMY ma
supoueroi npodykuyii. Obcmedxnceni mepumopii HecinbCbK020Cn00apcbk020 NPU3HAYEHHS 34
BMICMOM PYXOMUX CHOAYK 8ANCKUX MeMANié 8i03HAUAIOMbCA CepeOHiM pigHeM 3a0pYOHeHHs
Kaomiem, caabkum i ROMIpHUM — MiO0k0, CAQOKUM, NOMIPHUM | cepeOHiM — HiKeaeM, 8UCO-
KuMm i dysce ucokum — Kodarbmom. Biocymue 3a0pyoHeHHs pyXoMumu CnOAYKamMU XpPOMY,
mapeanyto i yunxy. Bmicm pyxomux cnoayk ceutnuyto nepesuuiye 1J[Ky 1,2—2,9 pasa. Ha yux
3eMASIX 8APMO NPOBECMU PeKYAbMUBAUITIHI 3ax00U, SKI 00NOMOXNCymb 3anobiemu miepayii
8AICKUX Memanie.

Karouosi croea: azpoximiune obcmedncents, ilicbkosi 0ii, epanuuHo 0onycmuma KOHUeHmpa-
yis, 3a1i30, kaomii, Ko6anrbm, mapeaneusb, mMiob, HiKeab, XPOM, piéeHb 3a0PYOHEHHS, CBUHEUD,
YUHK.

BCTVYII

DOI: https://doi.org/10.33730/2077-4893.4.2025.345436

[pyHTOBMIT TOKPUB YKpaiHuW HUHI Ha-
JIEKUTD IO €KOCUCTEM, AKi Hailbiapme mo-
CTpasKJau Bijl Bifinu. B exosoriunomy Bumipi
KJTI0YOBUM YMHHUKOM 3arPO31 HalliOHAJIbHIN
Gearrerti mocTae came PyHHIBHIH BIUTHB BOEH-

© O.M. I'pumenro, P.I1. TTanamapuyk, J1.C. llaaxrypos,
B.C. Banacuuii, I'.JI. Rpynko, 2025

HUX Jili HA TpyHTH. Bike inenTudikoBano
KiJIbKa Pi3HOBUIIB IX AeTpajallii: MexaHiqHa
(chopmyBaHHSI BUPB, TPOHUKHEHHS OOETPH-
I1aciB 1 yJIaMKiB, pyHHYBaHHS I'YMYCOBOTO TO-
PHU30HTY BHACJI/IOK CIIOPY/IPKEHHS YKPIIlJIeHD,
KOTIAHHsI TpaHIIell Ta OJiHIaXIB), hisuuHa
(y1liJIbHEHHST OPHOTO TIAPY I1iJ] Yac PyXy Bask-
KOI BifiCbKOBOI TEXHIKH ), TIOTiPIIIEHHS arpoXi-
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MIYHUX XapaKTEPUCTUK Ta BOJHOTO PEKUMY,
a TaKoK 3a0pyAHEHHS aJMBHO-MACTUJIbHU-
MM MaTepiajaMu I TOKCUYHUMU eJieMeHTa-
Mu. OcobJIMBO 3arPO3JIUBUM € HAKOIIMYEHHST
BAXKKUX METANIB y CiJTbChbKOTOCIOIAPCHKUX
IPyHTaX, a/iKe HaBiTh He3HauHi iX KOHIleHTpa-
Uil YUHATH BKpail HeOe3IedyHNil TOKCUYHUI
BB [1-3].

Mera i 3aBAaHHS TOCTIIPKEHHST — BI3HA-
YUTH BIUIMB OOMOBUX /il Ha arpoXiMiyHmii
Ta €KOJIOTO-TOKCUKOJIOTIUHUI CTaH 3eMeJb
CIJTBCHKOTOCTIOAPCHKOTO 1 HECITHCHKOTOCTIO-
JlapCbKOTO TpU3HavYeHHs Ha TepuTopii Mu-
KOJIAiBCHKOI 00JI.; BCTAHOBUTU MOKJNBICTh
TTO/TAJTBITIOTO BUKOPUCTAHHS 3€MEJTh CLTbChKO-
rOCIO/IAPCHKOT0 MPU3HAYEHHS JIJIST BUPOIILY-
BaHHS MTOJTBOBUX KYJIBTYP.

AHAJII3 OCTAHHIX TOCIIIZKEHb
I IYBJIIKALII

CBiTOBa MpPaKTUKa CBiYUTH, 1[0 BOEHHI
[ii iCTOTHO 3MiHIOIOTH BJIACTUBOCTI I'PYHTIB,
nepeBaykKHO yepe3 (Hi3uKo-XiMiuHI TOPYIIeHHS
Ta HAaKOTTMYEeHHST TOKCUYHUX eJIeMeHTIB. 1K
nokasyworth gocaimkenns D. Vidosavljevic
et al. [4] Ta A. Berhe [5], Biiina B Xopsartii
CIIPUYMHUJIA ICTOTHE 3POCTaHHS KOHIIEHTpPa-
i}l BA)KKUX METAJTIB Yy IPYHTOBOMY ITOKPUBI:
B paifoHaX IHTEHCHBHUX OOIB BMICT MUIII'SIKY,
PTYTi Ta CBUHIIO TTIEPEBUIILYBaB HAI[iOHATbHI
HOPMAaTHBH, a piBeHb PTYTi OYB BUIIUM 32
JIOTTYCTUMUH /17151 BEJIEHHS ClJIbChKOTO TOC-
MO/IapCTBA.

V 3paskax i3 30H akTUBHUX GOHOBUX il
KOHIIEHTPAIlil OKPEMUX eJIeMEHTIiB TepeBa-
JKaJIW TMOKa3HUKM 3 TEPUTOPi HU3BKOI iH-
TEHCUBHOCTI OOMOBUX il Y J€CATKU Pa3iB
(nikenp — y 1,03-52,2 pasa). 3abpyaHeH-
Hs (ikcyBasocs HaBiTh HA BiJICTAHIX TIOHA]
6 kM Biz miciist 601B.

[loni6Hi TeHeHIil BigdHAYaMUC W MCs
BitiHu B [lepchbKiit 3aTo11i, /1€ MiABUINCHI PiBHI
KaJIMif0, KOOAJIbTy, XPOMY, CBHHIIIO, HiKeJIIO,
TUTaHY, BaHAIII0 Ta BOJbGpaMy BKa3yBaIHl
Ha cepiflo3Hy TpanchOpMaIliio rpyHTOBOTO
cepenoBuina [6]. AHasioriuni repeBuIIeHHS
I'/TK Baskknx MeTasliB peecTpyBasvcs y IPyH-
tax Ipany, BocHii i Iepuerosunn, Kyseifity
Ta iHIIUX PErioHiB, OXOIMJEHUX CBOTO Yacy
BOEHHUMU KOHDIiKTamMu [7-9].

Baxkki meTanu, 3a OTpaIIsHHA Y IPYH-
TOBE cepe/loBHIIe, 30ePiraroThCst MPOTATOM
TPUBAJIOTO 4acy, He 3a3HAIOUN PYHHYBaHHS
4y poskiananus. [TokazoBum € gocaiKeHHs
(paniyspkux yuenux, nposezierno B 2011 p.,
SKe 3aCBiunIo: HaBiTh yepe3 90 pokiB micJist
3aBepireHHs Ilepiioi cBiTOBOI BiliHM Ha Tepu-
TOPISAX KOJUIIHIX 6OMOBUX /il KOHIeHTpallii
BXKKMX MeTaJiB y TPYHTI 3aJUIIaINCS BU-
muMu 3a jorryctumi nopmu [10].

B Vkpaini Bxke B 2014 p. 6ys10 BcTaHOBIIE-
HO BiUYTHUHU HETATUBHUU BIJINB BOEHHUX
Jiil Ha exoJsioriuny OesleKy Ta poIIoYicTh
TPYHTIB. Y MeskaX JOCJIi/IKEHb, BAKOHAHUX
3a migrpumkn Opranisaiiii 3 Gesnexu i cris-
pob6ituuirsa B €sponi (OBCE) B 30HI
KOHGITIKTY Ha CXOJi KpaiHW, BU3HAUYEHO,
110 KOHILIEHTPaLil BaXKKUX METaJIiB y IPyH-
TOBUX IIpobax i3 TepuTopiit 6OHOBUX miil y
OLJIBIIOCTI BUIMAAKIB TIePEBUILYBaji (POHOBI
nokazankn y 1,2—12,0 pazis. s pryTi, kau-
Milo Ta BaHa/i10 3ahiKCOBAHO CUCTEMATUYHE
30isbieHHs (hoHOBUX 3HaueHb y 1,1—1,3 pasa
[11; 12]. OcobmmBo HeHe3meuHNMH 3a PiBHEM
3a0pyAHEHH Ba)KKIMU METAJIaMU BUSIBJIEHO
MICIIST PO3PUBY CHapsI/liB. 3POCTAHHS BMic-
Ty 3a0pyAHIOBAUYiB y TPYHTOBOMY TOKPHUBI
y Micuax 6oitoBux Aiil Takox 3adikcoBaHo
daxiBigamu /1Y «IHCTUTYT OXOPOHU TPYHTIB
Yxpainms» [13; 14].

Bapro nigkpecauTu, 1o HaibiibIny 3ar-
PO3Y CTAaHOBUTbH 3a0PYAHEHHS IPYHTIB TOK-
CUYHUMU 1 KaHI[EPOTEHHUMHU CIIOJIYKaMH,
OCKIJIbKM BOHU MOKYTb IMPOHUKATHU Y IIifl-
3eMHI Ta MoBepXHeBi BoK abo aKkyMyJIoBa-
THUCS B CITbCHKOTOCTIONAPCHKIN TTPOMYKITii.
Baskki MeTam MaioTh 31aTHICTh COPOYBaTUCS
11 IOCTYTIOBO HAKOTTMYYBATUCS Y TPYHTOBOMY
CepeIoBUII, 10 3yMOBJIIOE TIOCUJIEHHS HOTO
TOKCUYHOIO MOTEHI[ialy Ta CIIPUSE HATPO-
MaJKeHHIO HeOe3IIeuHNX PeYOBUH y BposKai
CiTThCHKOTOCTIOIAPCHKUX KYJIBTYP.

o naine6esneynimux 3a0py HIOBaYiB
I'PYHTOBOTO TTOKPUBY HAJI€sKaTh BUCOKOTOK-
CHUYHI Ba)KKi MeTaau — CBUHEIb, PTYTh, ap-
ceH, KaJMil, Minb, HikeTh Ta 1UHK [15; 16].
IX Ha/IXO/KeHHS y IOBKIIA T1i/T Yac BOEHHUX
Jiil 3yMOBJIEHO Ilepe/lyciM 3a/IuIKaMy BOrHe-
HaubHOI 36pOi, 0 MICTUTh 3HAYHI KIIBKOCTI
MEeTaJ0OBMICHUX YaCTOK, a TaKOXK 3aCTOCY-
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BaHHAM apTuiiepii, rpanat i paker. Meranesi
dbparmenTH Goenpunacis (yJaMKu) € CTIHKIM
JIKEPEJIOM aHTPOMOTEHHOTO 3a0py/IHEHHS
JIOBK1JIJISI, OCKIJIbKM BOHU MalOTh 3HAYHUN
HOTEHIaJ JOBrOTPUBAJIOTO 30€PesKeHHs Y
IPYHTAX TEPUTOPIH, 110 MOCTPAKIAIH Bijt 60-
NOBUX M.

Baskki MeTasm MOXYTh aKyMyJIIOBaTUCS
B CiJTbCHKOTOCMO/IAPCHKUX KYJIBTYPax i, HAJI-
XO[44YU 3 1’Kel0 10 OpraHi3My, MOCTYIIOBO
KOHIIEHTPYBAaTHUCI B TKAHWHAX JKMUBUX iCTOT,
MTPOBOKYIOUM PO3BUTOK PISHOMAHITHUX TIa-
tosoriununx cranis [13; 17].

Bucoka MOGLIBHICTD BaKKMX METaJIiB 3y-
MOBJTIOE TXHE aKTUBHE TIPOCYBAaHHS TPODIUHN-
MU JIAHIIOTaMU, 10 CTBOPIOE CEPII03HY 3arpo-
3y /IS 3/10POB’SI HACEJIEHHS Yepe3 TOKCUYHI,
KaHIIEPOTEHHI Ta MyTareHHI BJTACTUBOCTI ITUX
efeMeHTIiB. Y 3B'S3Ky 3 IIUM, HQ/[3BUYAWHOI
aKTyaJbHOCTI HabyBae PeryJasspHUil MOHITO-
PUHT eKOJIOTIYHOTO CTaHy TPYHTIB Y palioHaXx,
OXOIICHUX OOMOBUMM JLISIMU, 3 METOIO KOHT-
poutto piBHA ix 3a0pyanenns [11].

Jlna 3amobiraHHs HeTaTUBHUM €KOJIO-
riYHUM HACJiZKaM, IIOB SI3aHUM i3 IiABUIIE-
HUM BMiCTOM BaKKMX METAJIB Y TPYHTOBOMY
HOKPUBI, 0COOJIMBO B pailoHax IHTEHCUBHUX
6oiioBuX niil, HeoOXijHe cucTeMaTu4yHe i
peTeJsibHE CTIOCTEPEsKeHHs 32 CTAHOM TPYH-
TiB. Take 06CTEKEHHS JTa€ 3MOTY CBOEYACHO
BUSABJISTHA BIJINB BOCHHUX /111 HA CIJIBCHKO-
TOCITOZIaPChKI YTif/Is, OTIePAaTUBHO yXBaJIO-
BaTH 3aXO/H IIOJI0 YCYHEHHs 3a0pyIHEHHS,
OIIHIOBATU MacIITabuW 3aBAAHOI MIKOAU Ta
3armobiraTi MOTPAIUISTHHIO 320Dy AHEHOI TIPO-
IYKITT 10 TOProBoi Mepeski (200 CIIOKUBUOTO
006iry), 1110, CBOEIO YeProIo, CIPUIE 30epesKe-
HI0O KOHKYPEHTOCTIPOMOJKHOCTI YKpaiHu Ha
MI>KHApPO/IHIH arpapHiil apeHi.

MATEPIAJIM TA METOJIN
JOCIIIXKEHD

O6’extoM gocaimkens cayrysaam 19 30ip-
HUX P00 IPYHTY, BiAiGpaHUX y I'ATH JIOKa-
nisix Ha Teputopii IlepBomaiichkoi TT Mu-
kosaiBcbkoro ta Cuirypisebkoi TT bamran-
cbkoro p-Hy Mukosaisebkoi 061 [pyHT Te-
puTOpii MOCTIIZKeHHS TTPe/ICTaBIeHn Yop-
HO3eMaMU TiBAEHHUMU JIETKOTJIUHUCTUMHU
(mudp arposrpobHUYoi Tpynu 71 ).

ITpobu Ne 1-3 B3gTO Ha pO3MiHOBaHIii
TepuTOpii, gKa po3TalloBaHa 3a MeKaMU
c. Kuceniska ITepsomaiicbkoi TT Mukosais-
ChKOro p-ny Muxkosaiscbkoi 00, Teputopist
06CTeREeHHSI TIOMEePeIHbO TepebyBaa T/
HOCTIAHUM 06CTPLIOM.

IIpo6u rpyuty Ne 4—7 Ta Ne 12 BigiGpano
Ha PO3MiHOBaHil TEPUTOPIi, TKa po3TanioBaHa
3a Mexxamu ¢. Kucemika [lepBomaiicbkoi TT
MuxoaiBcbKoro p-uy MUKOIaiBCbKOL 001
Tepuropist 06CTEKEHHST TAKOK TTOTIEPETHBO
nepebyBasia miJl MOCTiiHIUM 00OCTpijJoM Ta
MICTUTD yJIaMKU KOHCTPYKIIiH, sIKi BifiHECeH1
BUOYXOM CKJIaJly CETiTPH.

ITpo6u rpyrTy Ne 8—11 — Ha miciti BupBH,
sIKa YTBOPUJIACS BHACJIOK BUOYXY CKJILy
MiHepasbHuX 100puB 3a Mexkamu ¢. Kucenis-
ka ITepBomaiicbkoi TT MukosaiBcbKoro p-my
MuxosaiBcbkoi 001 (3eMJIl HECIIbCHKOTOC-
noziapcbkoro npusHaveHHs). [lopisHioBanm
3 nokasHukamu 1podu Ne 12, Bigibpanoi 3a
300 M Bijt BUPBU y MicCIli BIYyYaHHS Y CKJIA]L.

ITpo6u rpynTy Ne 13—16 — Ha yMOBHO
PO3MiHOBaHINl TepuTOpii, SIKA po3TaroBaHa
3a Mexxamu M. Cuirypiska Cuirypisebkoi TT
Bamrancbkoro p-Hy MukosaiBcbkoi 001
Tepurtopist 00CTeREHHS TIOTIEPEAHBO TIepedy-
BaJIa IIiJ] OCTIHUM OGCTPLIOM 3 MiHOMETIB,
aptuiepii, PC3B Ta asiarmii.

ITpobu rpynty Ne 17-19 — ma ymoBHO
pO3MiHOBaHill TEPUTOPIi, dKa po3TallioBaHa B
Mexxax M. CrirypiBka Cairypiseskoi TT Ba-
MITAHCHKOTO P-HY MUKOTATBCHKOT 001, (3eMITi
HECIJIbCbKOTOCIIOAPCHKOTO TPU3HAYEHHS ).
Tepuropis 06CTeKEHHA BKIIOYAE JTiHII0 060-
POHHUX CIIOPY/l Ta BUTOPLIY [iJISTHKY HaB-
KOJIO 3HUIIIEHOTO TaHKa.

InmbuHa BigGopy npob IPYHTY CTAHOBHUTh
0—15 cM, came Ha 110 TIUOWHY TTPOBOJANUTH-
cs1 YMOBHE PO3MiHyBaHHS T€PUTOPIii o6cTe-
SKEHHSL.

Busnauensa BMiCTy pyXOMUX CIIOJIYK Bax-
KUX MeTaJiB y IPyHTax 3/iliCHIOBaIU Bi/llO-
Bi/IHO /10 YUHHUX HOPMaTHBHO-METOJUYHUX
JIOKyMeHTiB, 3o0kpema, JICTY 4770.1:2007,
BMicT pyxomux cnoayk nunky — [JCTY
4770.2:2007, BMiCT pyXOMUX CIOJIYK KaJIMit0 —
JCTY 4770.3:2007, BMicT PyXOMUX CITOTTYK
kobanery — ACTY 4770.5:2007, Bmict py-
xomux cnoayk migi — JLCTY 4770.6:2007,
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BMicT pyxomux cnonyk uikemio — JJCTY
4770.7:2007, BMiCT pyXOMUX CITOJIYK XPOMY —
JICTY4770.8:2007, BMicT pyXOMHUX CIOJYK
cuniio — JICTY4770.9:2007, Bmict pyxo-
Mux cnonyk 3aniza — JCTY 4770.4:2007
[18-26].

Meroanku 6a3yioTbCsi Ha TPUHIIUIIAX
aToMHO-abcopOLiinoi criekTpodoToMeTpil,
o 3a0e3Meuye BUCOKY UyTJIUBICTH Ta TOU-
HICTh BU3HAUYEHHS KOHIIEHTPAIlill eJIeMeHTiB.
Pyxomi dhopmu BaxkKuX MeTasiB BUIYUYaJIH
31 3pasKiB IPYHTY 3a JOMOMOTOI0 Oy(hepHO]
aMoHiliHo-arteratnoi Butsskku 3 pH 4,8, 1o
iMiTy€e yMOBH, 3a SIKMX MeTaJIH mepeGyBaroTh
Y JIOCTYTIHI JIJIsT POCJUH (HOPMi.

[pynyBanusg rpyHTiB 3a arpoxXiMivHUMU
Ta TOKCHUKOJIOTTYHUMHU [TOKa3HUKAMU BUKO-
HyBa/Iu BiAnoBizHo 10 MeToauku mnpose-
JIeHHd arpoXiMiuyHOl TacIopTu3allii 3eMesb
CIJTbCBKOTOCITO/IAPCHKOTO TTpU3HadeHHs [27].
Orpumani TOKa3HUKHU TOPiBHIOBAIN 3 KOHT-
POJIBHUMU JAaHUMU OCTAHHBOTO arpoOXiMiyHO-
r0 06CTEKEHHSI 3eMeTb, TPOBEAECHOTO Y 0~
BOECHHUI Yac — 3eMJIEKOpUCTyBaHHs c. Ku-
ceniBka B 2014 p., m. Cuirypiska — y 2009 p.
Jl7151 BcTaHOBJIEHHS TTPUIATHOCTI JIOCITI /XKy Ba-
HUX 3eMEJbHUX [iJISTHOK JIJIT BUPOTILYBaHHS
CLITbCHKOTOCIIOIAPCHKOI ITPOAYKITII Ta /11 ITPO-
BEJIEHHS OI[IHKU 1X €KOJIOTIYHOTO CTaHy, YMICT
PYXOMUX CIIOJIYK BaKKUX METaJIiB MOPIBHIO-
Bau 3 ['[IK sabpyamosauis y rpynti [28].

Cratuctnany o6pobKy OTpPUMAHUX pe-
3yJbTATIB 3/[IICHIOBAJIN B MaKeTi Mporpam
Excel Ta Statistika 6.0.

_ PE3VJIBTATU
TA iX OBTOBOPEHHS

3a pesyJsbraTaMy JO0CJiI)KeHb BUABJIE-
HO, 1[0 IPYHT JIoKallii, sika 1mepebyBaja i
nocTiiauMu obcrpinamu (podu NeNe 1-3)
Mae caabKuil piBeHb 3a6pYIHEHHS PYXOMU-
MU criosiyKamu Maprasitio (60,3—64,6 mr/Kr),
HOMIpHUII CTYIIHb 3a0pyAHEHHS PYyXOMUMMU
cronykamu kaamio (0,29-0,47 mr/xr), ce-
PeaHil i y’Ke BUCOKUI CTYMiHB 3a0py/THEH-
HsI PyXOMHUMH criosykamu kobanbry (1,51—
3,26 mMr/kr), caabKuii, cepeHiii Ta 1yxKe BU-
COKHUI CTYTiHb 3a0py/THEHHS PYXOMUMH CIIO-
aykamu cunio (1,32-5,08 mr/kr), Hesa-
OpyAHEHMIT 32 BMICTOM PYXOMUX CITOJIYK Mijii

(0,25-0,87 mr/kr), nunky (0,38-0,71 mr/kr),
Hikemnio (0,76—1,93 mr/kr), xpomy (0,46—
1,10 mr/KT) [27]. BMiCT pyXOMUX CIIOJIYK 3a-
aiza cranoButh 1,02—3,00 mr/kr. I[lepeBu-
menb /K [28] 3a BMicTOM pyXOMHUX CIIOJIYK
MIKpOEJIEMEHTIB He BCTAHOBJIECHO (Puc.).

HaiiBumuii BMicT pyXOMUX CIOJYK eJie-
MEHTIB cepes pob, Bigibpanux Ha il J10-
Kaiiii, 3ahikcoBaHo B IPyHTi B3/I0BK JJOPOTH.
Coaijt 3ayBaskuTH, 110 KOHIIEHTPAILisT MiKPO-
€JIEMEHTIB Ta BaXKKUX MeTaJiB y I'DYHTax
B3/IOBXK JIOPIT 3a3BWUail MOKe OYTH BUIIIOIO
BHACJII/IOK BIIMBY BUKU/IIB aBTOTPAHCIIOPTY,
a TaKOJK B3JI0BJK JIOPIr HaiyacTile IpoXoAdaTh
aKTUBHI OOMOBI fii, IKI MAOTh HEraTUBHUN
BIJINB HA TPYHTOBUIT TOKPUB.

[TopiBHSIHO 3 KOHTpOJIEM (3HAYEHHS TI0-
Ka3HUKa 3a Pe3yJETaTaMi arpoXiMiaHOTO 00-
crexxenust 2014 p.) BMICT pyXOMUX CIIOJIYK
CBUHITIO 301MBIMTMBCS B BOX TPOHAX IPYHTY
Biz 0,19 o 2,98 mr/kr rpyuty (maba. 1).

BcranosiieHo 301/bIIeHHSI BMICTY PyXO-
MUX crioyk mizi (Ha 0,46 MT/KT TPYHTY) B O/1-
Hiit po6i IpyHTY, BiiOpaHiil B3OBK I0POTH,
y iHIIMX IpobaxX BMICT MOKA3HUKA 3MEHIITIB-
csa Big 0,09 1o 0,16 mr/kr rpyury (maba. 2).

3pocTaHHs BMiCTy PYXOMUX CITOJYK Map-
rafiio Biz 53,7 10 56,8 mr/kr rpyury (maba. 3),
koGanbry (Bim 0,34 1o 2,09 Mr/Kr rpyHry),
kanmito (Big 0,03 1o 0,21 Mr/Kr IpyHTY) BifI-
MiYeHo B ycix npobax IPyHTY.

[pyHT po3MiHOBaHOI TEPUTOPIi, sIKA Mepe-
GyBaJIa TmijT TOCTiiHNM 006CTPIJIOM Ta MiCTUTD
yJIAMKK KOHCTPYKLIH, Ki BigHeceni BUOyxoM
ckaay cestitpu (1podu NeNe 4—7 ta Ne 12), xa-
PaKTEPU3YETHCS y 4 mpobax cIabKUM piBHEM
3a6py/IHEHHS PYXOMUMHU CIIOJTyKaMU MapraH-
mio (52,35-73,29 mr/xr) ta cpuniio (0,8—
1,27 mr/xr), caabkum (0,69—-0,81 Mr/kr) ta
nigsuiennM (2,07—2,4 Mr/kr) 3a0pyaHeHHIM
PYXOMUMH CITOJTYKaMHU KOOAJIBTY, B YCiX MPo-
6ax — MOMIPHIM CTyTIeHeM 3a0pY/IHEHHST PyXO-
Mumu criosrykamu kaamiio (0,22—0,27 mr/kr).
BigcyTHe 3a0pyaHEHHS 3a BMiCTOM pPyXoO-
mux cnosyk mifi (0,13-0,47 Mr/Kr), IUHKY
(0,28-0,50 mr/xr), Hikesio (0,77—1,12 mr/Kr)
ta xpomy (0,19-0,42 mr/xr). BMicT pyxoMux
crosryk 3aiiza cranoButh 0,33—2,13 Mr/KT.
[Tepesumiens I'/IK 3a BMicTOM pyXxomux crio-
JIYK MiKpPO€JIEMEHTIB He BUSBJICHO.
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VMicT PyXOMEX CHOIYK BaKKUX METQJIB HA TEPUTOPISIX IIPOBeAeHH GOUOBUX JIiil, MI'/KTI TPYHTY

[MopiBHstHO 3 KOHTpOJeM (pe3yJbraTi
arpoximiuHoro obcresxentst 2014 p.) 36ijb-
IIeHHs BMICTY pyXxoMoi Mmizti 3adikcoBano y
npobi IpyHTy, JoKauiiino Bigibpanoi maii-
6mmkue g0 poporu (0,47 mMr/kr), B ycix iH-

mux npodax BiAMIYEHO 3MEHIIEHHS BMICTY
pyxomux croayk migai Ha 0,01-0,28 mr/kT
TPYHTY. YMICT PYXOMUX CIOJYK KOOATHTY
nigsuiuBes B 2 npobax rpyury (Biz 0,19 1o
2,98 MT/KT TPYHTY), @ PyXOMUX CIIOJIYK Map-
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Tabuuis 1. YMict pyxomMux cnoiyk Baxkux Meraiis I kiacy He6esnexu
y IPYHTaX TEPUTOPIii, MOMIKO/?KEHUX BHACIZIOK OOHOBUX Jiii

Bwmict . Bwmict . Bumict s
Nt | T | o | g | P | B0 | | PO | | s
IIUHKY, poJio KaaMIIo, poutio CBHHIITIO, poJio
MT /KT MI/KT MI/KT
3emii cibCbK020Cn00apchK020 NPUSHAUCHIL
1 0,42 1,8 0,30 116,3 | 42,9 2,29 109,0 | 38,2
2 0,38 1,7 0,29 112,4 | 41,4 1,32 62,9 | 22,0
3 0,71 3.1 0,47 182,2 | 671 5,08 2419 | 84,7
4 0,35 1,5 0,22 85,3 | 31,4 1,06 50,5 | 17,7
5 0,28 1,2 0,23 89,1 | 32,9 0,65 31,0 | 10,8
6 0,50 2,2 0,26 100,8 | 37,1 0,93 44,3 | 15,5
7 0,46 2,0 0,22 853 | 31,4 0,78 37,1 | 13,0
12 0,39 1,7 0,27 104,7 | 38,6 1,27 60,5 | 21,2
Iﬁ’ég‘:ﬁf (32‘5“1'{46;;" H/B 0,258 369 | 21 35,0
13 0,93 2114 4,0 0,32 533,3 | 45,7 2,02 99,0 | 33,7
14 0,49 111,41 21 0,24 400,0 | 34,3 0,64 31,4 | 10,7
15 0,52 18,2 2,3 0,21 350,0 | 30,0 0,32 15,7 | 53
16 0,52 118,2| 23 0,23 383,3 | 32,9 1,18 57,8 | 19,7
Kommpomne ssensa | 0.4
3emni necinbeoK020cn00apcvkozo npusHauenis
8 0,91 233,3| 4,0 0,61 2259 | 87,1 11,90 |937,0|198,3
9 0,99 253,8| 4,3 0,57 2111 | 81,4 7,22 568,5|120,3
10 0,91 233,31 4,0 0,56 207,4 | 80,0 7,41 583,51 123,5
11 0,93 238,5| 4,0 0,57 211,1| 814 7,67 603,9 | 127,8
17 3,89 — 16,9 0,57 — 81,4 11,01 — 1835
18 2,56 — 111 0,66 — 94,3 17,45 — 12908
19 1,91 — 8,3 0,51 — 72,9 11,43 — 1 190,5
raK 23 0,7 6,0
CepeniHe 3HaUEHHST 0,50 0,27 1,46
CrangapTHa MoMIJIKa 0,04 0,02 0,32
Koedimient Bapiartii 35,2 26,4 87,0
Min 0,28 0,21 0,32
Max 0,93 0,47 5,08
HIP 5 0,11 0,05 0,81
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Tabuuis 2. YMict pyxomux cnoiyk Baskkux meraiis I kiacy ne6esnexu
y IPYHTaX TEPHUTOPIii, MOMKO/?KEHUX BHACIIZIOK OOHOBUX Jiii

Bwmict . Bwmict . Bwmict Bwmict
Ne ipo6u pg’liiOOJlI\;I/IIf K/(O)I-L[l;)- (?[[HI(() pggg%ljcx K/grlltf- (?[[HI((J pg;(;)%ix ?ﬂﬂf{) pcy;é);fylix ?’ﬂﬂ}g
M1, poJto KOOaJIbTY, | POJIO Xpomy, HIKeJIO,
MT /KT MI/KT MI/KT MI /KT
3emi citbCbK020Cn00apchK0z0 NPUSHAUEHI
1 0,32 78,0 [10,7| 1,51 129,14 130,2| 0,51 8,5 1,48 | 37,0
2 0,25 | 61,0 | 8,3 1,90 |162,4| 38 046 | 77| 0,76 | 19,0
3 0,87 |212,2129,0| 326 |278,6|65,2 1,1 18,3 1,93 | 48,3
4 0,13 | 31,7 | 4,3 2,07 11769414 0419 | 3,2 1,12 | 28,0
5 0,32 78,0 (10,7 2,40 |205,1| 48 0,9 |32 093 |233
6 0,40 | 97,6 |13,3| 0,69 59,0 |13,8| 042 | 7,0 | 099 | 248
7 0,32 78,0 10,7 0,38 325 |76 027 | 45| 093 |233
12 0,47 | 114,6(157| 0,81 69,2 {16,2| 036 | 60| 077 | 19,3
KOHTP‘(’%TZ ;{‘f"emm 0,41 137 1,17 234 wu/s H/B
13 0,80 |258,1]26,7| 1,20 |631,6| 24 0,40 | 6,7 1,12 | 28,0
14 0,84 |271,0(280| 1,13 |594,7(226| 0,20 | 3,3 1,03 | 258
15 1,13 |364,5|37,7| 1,01 |531,6[20,2| 0,4 | 23| 096 | 24,0
16 041 |132,3[13,7| 085 |4474| 17 0,12 | 2,0 1,21 | 30,3
KOHTP?S(‘;ES SRICIT 0,31 103 019 38 | u/s H/B
3emni HecitbeoK020Cn00apcoK0z0 NPUSHAUCHHS
8 1,28 | 272,3|42,7 2,6 321,0152,0| 1,56 |26,0| 3,58 | 89,5
9 1,45 |308,5|48,3| 2,71 |334,6(542| 127 |21,2| 399 |99,75
10 1,18 [251,1(39,3| 2,72 |3358|54,4| 1,22 |203| 3,18 | 795
1 1,20 |255,3140,0| 2,59 |3198|51,8| 1,34 |223| 3,04 | 76,0
17 0,88 29,3 3,00 60,01 1,23 [20,5| 3,04 | 76,0
18 2,42 80,7 2,67 53,4 1,23 [20,5| 3,62 |90,5
19 0,85 28,3 2,63 52,6 1,28 |21,3| 2,75 |68,75
I'ZIK 3,0 5,0 6,0 4,0
CepeniHe 3HaUEHHST 0,52 1,43 0,36 1,10
CranjgapTHa MOMUJIKA 0,08 0,21 0,07 0,08
CepeagLOKBaHpaTHqu 0.31 0.83 0.27 0.33
Bi/[XUJIEHHST
Koedittient Bapiariii 59,21 58,02 73,42 29,52
Min 0,13 0,38 0,12 0,76
Max 1,13 3,26 1,10 1,93
HIP, 5 0,20 0,53 0,17 0,21
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Tabauia 3. YMicT pyxoMux crnioyk Baskkux Meradiis 111 kiacy neGesnexku

y I'PYHTaX TEPUTOPIii, MOMKO/?KEHUX BHACIIZIOK OOHOBUX Jiii

Bwmict pyxomux

BwmicT pyxomux

Ne ipo6u CIIOJIYK MapraHIlio, % 110 KOHTPOJIIO % no I'/TK CIIOJIYK 3aJ1i3a,
MT /KT MT/KT
3emii ciibCbKk020Cn00apchK020 NPUSHAUCHISL
1 63,4 960,6 45,3 2,43
2 60,3 913,6 431 1,02
3 64,6 978,8 46,1 3,00
4 55,93 847,4 40,0 0,33
5 72,34 1096,1 51,7 1,02
6 73,29 1110,5 52,4 0,81
7 52,35 793,2 37,4 1,25
12 42,69 646,8 30,5 2,13
Kompomneomaiens | g0
13 67,55 1107,4 48,3 2,52
14 71,70 1175,4 51,2 1,69
15 53,58 878,4 38,3 1,56
16 72,02 1180,7 51,4 2,34
Kopomncsimonss | .4 i
3eMai HeCibCLKO20CNO0apChK020 NPUSHAUCHHS
30,61 71,7 21,9 5,10
9 36,85 86,3 26,3 7,12
10 31,07 72,8 22,2 6,94
11 37,77 88,5 27,0 6,98
17 44,83 — 32,0 5,20
18 21,96 — 15,7 5,46
19 44,83 — 32,0 5,25
TIK 140,0 — —
Cepejitie 3HaueHHS 62,48 44,64
CrangapTHa TOMIJIKA 2,43 1,74
Cepe;[gbOKBaapaTMqu 9.73 6.95
BiIXVJTEHHS
Koedirmienr Bapiariii 15,58 15,57
Min 42,69 30,50
Max 73,29 52,40
HIP 5 6,18 4,41
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rauio (Big 36,09 no 66,69 mr/kr) — y Bcix
npobax IpyHTY. YMICT KaJMilo JIMIIUBCS Ha
piBHI KOHTpOJII0. Takosk 3’s5cOBaHO 3MEHTIIEH-
HsI KOHIIEHTpallii CBUHIIIO B yCiX BiibpaHux
pobax IPyHTY.

Cutip 3ayBakuth, 110 iCTOTHE 301JIbIICH-
He 3a0pyJHEHHS [PYHTIB, HOPIBHSIHO 3 KOHT-
posieM, 3aiKCOBAHO 32 BMICTOM PYyXOMUX
CIIOJIYK Maprauiro (Bci ZocaipKyBani mpobu
IPYHTY). YMicT GLIBIIOCTI ZOCIIIKYBaHUX
PYXOMUX CIIOJIyK MIKPOEJIEMEHTIB 3aJIMIINBCS
Ha PiBHI BMICTY IIOKa3HMKa BCTAHOBJIECHOTO
3a pe3yJbTataMiu JIOBOEHHOTO O0OCTEKEHHSI
(pyxomi criostyku Mijii, TMHKY, Kaamio). Ha-
TOMICTh BMICT PyXOMUX CIIOJIyK CBUHITIO Ha
JOCTIKYBaHIN A1JISHIT, TOPIBHSAHO 3 KOHT-
poJieM, 3HU3UBCS.

3a pe3yJabTaTaM¥ JTOCTi/PKEHb YMOBHO
PO3MiHOBaHOI TEpUTOPIi, sIKa IepedyBaJia I
HOCTIHUM 0OCTPiJIOM i3 MiHOMETIB, apTuJie-
pii, PC3B ra asiariii (ipobu Ne 13—16) B ox-
Hii1 1po6i IPYHTY BU3HAYEHO CJIAOKUI PiBEHD
3a0pyHEHHST PYXOMUMH CIOJYKAMU Mifli
(1,13 mr/kr), y Bcix mpobax rpyHTY — cJ1ab-
KMil piBeHb 3a0pyAHEHHS 32 BMICTOM PyXO-
MUX CHOJIyK Maprafio (53,58—72,02 mr/kr),
crabruii (0,85 mr/kr) ta momipawmit (1,01—
1,20 Mr/Kr) piBenp 3a0pyQHEHHS — 32 BMic-
TOM PYXOMUX CIIOJIYK KOOAJIBTY, TOMipHUI
piBeHb 3a0PY/THEHHS] — 32 BMICTOM PYXOMIX
cniosryk kaamiio (0,21-0,32 mr/Kr), a Takox y
IBOX IpobGax rpyHTy — caabkuii (1,18 mr/kr)
i momipuuii (2,02 Mr/KT) cTymiab 3a6py-
HEHHS 32 BMICTOM PYXOMUX CIIOJIYK CBUHIIIO.
Bwmict pyxoMux crosyk 3asiza CTAaHOBUTH
1,56—2,52 Mr/KT.

BixcyTne 3abpyaHeHHs 3a BMICTOM pyXxo-
MUX CIIOJIYK HIMHKY Ta Xpomy. [lepeBuiienn
I'/IK 32 BMicTOM PyXOMUX CIHOJYK MiKpoeJe-
MEHTIB He BCTaHOBJICHO.

[TopiBHAHO 3 KOHTPOJLHUMH IIOKa3HNUKA-
MU Pe3yJIBTaTiB arpoXiMiqHOTO 00CTEKEHHSI
2009 p. BUABJIEHO 3HAYHE 301IbIICHHS BMiC-
Ty PYXOMUX CIIOJyK IuHKY Ha 11,4—111,4%,
rkazaMito — Ha 250,0-433,3%, mini — na 32,2—
264,5%, kobansry — Ha 347,4—531,6% Ta Haz-
BUCOKE IIOCUJICHHS PYXOMUX CIOJIYK Maprat-
mio — Ha 778,4—1080,7%. BoxHouac sadik-
COBAHO 3MEHIIeHHS KOHI[eHTpPaIlil CBUHITIO
y BCiX BigiOpaHux Mpobax IPyHTY.

3Ba)Kal0YM HA €KOJIOTO-TOKCUKOJIOTIYHI
XapaKTepUCTUKH, JAOCTI/KYBaHI JTIJSTHKA 32
1IJILOBUM TPU3HAYEHHSIM — CILJIbCHKOTOCIIO-
JlApChKUM BUKOPUCTAHHSIM — MOJKHA 3ac-
TOCOBYBATH JIUIIE TICJST PEKYJIBTUBAIIITHIX
3ax0/1iB. Takok 00OOB'SIBKOBUM 3aX0/I0M [IJIsI
JOCJIIPKYBAHUX JIIJITHOK € 3aIIPOBA/IXKEHHS
MOCTITHOTO MOHITOPUHTY €KOJIOTO-TOKCHKO-
JIOTIYHOI'O CTaHy IPYHTY Ta BUPOLIEHOI IIPO-
JIYKITil.

3a pesyJisrataMu JIOCTi/PKeHb Ha MicCIli BUp-
BU, sIKa yTBOPHUJIACS BHACJIIOK BHOYXY CKJla-
Iy MiHepanpHuX 106puB, nepesumens IJK
32 BMICTOM PYXOMUX CIIOJYK MiJi y mpobax
IPYHTY He 3adiKcoBaHO, TPOTE BOHU Xapak-
TePU3YBAIUCH CTa0KUM PiBHEM 3a0pyAHEHHS
3a Bmictom enemenTta (1,18—1,45 mr/kr).
Yci ipobu rpyHTY OyJn [IysKe 3 HU3HKUM
BMICTOM PYXOMUX CIIOJIYK IIUHKY, IK 1 KOHT-
poJibHa 1poba, Bigibpana na Bigcrani 300 m
Bi/l BUPBH.

YMiCT pyXOMUX CIIOJIyK MapraHiiio y Biio-
panux npobax rpyHry Bapitoe Big 30,61 xo0
37,77 mr/Kr TpyHTY ([Iy’Ke BUCOKHUI BMICT).
Iepesumennsa IJK Ta 3abpyzanenns npob
IDYHTY He BCTAaHOBJIEHO. 3HaUHe 301/IbIIeHHST
BMICTY Maprasifio, OPiBHSIHO 3 IOBOEHHUM
IepioIoM, MO3Ke CBITYUTH ITPO BILJIUB HA IPYH-
TOBUI MOKPUB OONHOBUX il Ta MiHEpaJIbHUX
100puB, gKi 36epirainch Ha CKJIaJi Iij| 4ac
1ioro eKcIuTyaTallii Ta micjs pyiHyBaHHS.

Vi pobu IpyHTY, BigiOpaHi 3 PisHUX Io-
PM30HTIB BUPBH, MafOTh BUCOKHI CTYTIiHb 3a-
OpPYZHEHHSI PyXOMUMHU CIIOJyKaMU KOOAIbTYy,
aze 30itbennd [J[K e BusBieno. 3naueHHSA
MOKA3HWKA MAIOTh He3HAUHE BapifOBaHHS —
Biz1 2,59 110 2,72 MT/KT TPYHTY. YMICT PyXOMUX
CIIOJIYK HiKeJIto B Tpodax IPYHTY BigiOpaHuX 3
PI3HUX TOPUBOHTIB BUPBH TIEPEOYBAE Y MEKAX
Bz 3,04—-3,99 mr/xr rpyuty. [lepeBuiiens
T'/IK 3a BMicTOM ejieMeHTa He BifMiueHO,
MpOTe BCTAHOBJIEHO, 1[0 TPo6u rpyHTy Ne 8
Ta 9 MalOTh MOMIpHUII piBeHb 3a6pyAHEHHS
esementoM, Ne 10 Ta 11 — corabkmit. Yci Bizi6-
paHi pobu TPYHTY MAIOTh CepPe/Hiil PiBEHb
3a0pyAHEHH PYyXOMUMHE CIIOJIyKaMU KaIMiio.
3arajioM cepe/IHbO3BaKEHUH MMOKa3HNK BMiC-
Ty enementa Bapiioe Bix 0,56 1o 0,61 Mr/xr
rpyHTY Ta 3HaxoauTbesd Ha piBHi [JIK. Ymict
PYXOMUX CIIOJIYK XPOMY B IIPo0ax, BiiGpaHux
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3 pi3HUX TOPU3OHTIB BUPBH, Bapiioe Bij 1,22
1o 1,56 Mr/Kr rpyHTy. 3a BMICTOM eJieMeHTa
nepesutienns [J[K Ta 3a6pyaHeHts rpyHTy
He BifiMiueHo. BMiCT pyXOMUX CIIONYK 3aji3a
cTaHoBUTh 5,10—7,12 MT/KT.

YMicT pyXOMHUX CIIOJIyK CBUHIIO Y BCiX Bi-
nibpanux npobax nepesuiiye I'/IK Ta Bapiroe
Bizx 7,22 no 11,90 mr/xr rpynTy. IIpo6a rpyH-
Ty, BifiibpaHa [Jis TIOPIBHSHHS Ha BijcTaHi
300 M BiJg BUPBU, XapaKTePU3YEThCs CAAOKIM
piBHEM 3a6PYHEHHS PYXOMUMHU CIIOJYKAMU
cuHITiO. KoHIeHTpallist 3a0pyAHIOBaYa y 3a-
3Ha4yeHiit nmpobi Bix 5,7 10 9,4 pasiB MeHia
HOPIBHSHO 3 IPOOaMU IPYHTY, BiAiOpaHUMU
Ha TepuTopii 3pyiiHOBaHOTO cKJady. [le moxke
CBITYUTH TIPO TPUBATIUHN BIJIUB HA IPYHTOBUI
HOKPUB MiHEPaJIbHUX HOOPUB Ta IHIINX XiMi-
KaTiB, sIKi 30epiraarch Ha CKJIAJI mij gac Horo
eKCIUTyaTallil Ta micys pyHHyBaHHS.

Ha ymoBHO po3miHOBaHili TepuTopii, 110
OXOILTIOE, BKJTFOYA€E BUTOPIJTY JIIISTHKY HABKOJIO
3HUIIEHOTO TAHKA, 32 BMICTOM PYXOMUX CIIO-
JIYK KOGAJIBTY BUSBJICHO BIUCOKHH Ta JyKe BU-
cokmii piBeHb 3a0pyanenHs (2,63—3,0 mr/xr),
3a BMICTOM HiKeJII0 — cepejHill Ta momip-
HUii piBeHb 3a6pyaHerHs (2,75-3,62 Mr/kr),
3a BMICTOM KaJIMil0 — CepenHill piBeHb 3a-
opyzauenns (0,51-0,66 mr/kr). Oxna npoba
I'PYHTY BiI3HAYAETHCS TIOMIPHUM PiBHEM 3a-
OPYIHEHHS 32 BMICTOM PYXOMUX CTTOJTYK MiTi
(2,42 mr/xr). Y Bcix npobax IpyHTy BCTa-
HoBJieHO TiepeBuinenns ['/[K 3a BmicTom py-
xoMux criostyk csunirio (11,01-17,45 mr/xr).
3a BMicTOM pyxomux crojyk muHky (1,91—
3,89 mr/xr), mapranto (21,96—-44,83 mr/xr),
xpomy (1,23—1,28 mr/Kr) 3a6pyaHEHHS Bi/-
cyTHE. BMiCT pyXOMUX CIIOJIYK 3aJ1i3a CTaHO-
BUTH 5,20—5,46 MT/KT.

Ha nmingakax HeciIbChbKOTOCTIOAAPCHKOTO
[PU3HAYEHHST, 3a0Py/THEHIX BAKKUME METa-
JlaM¥, JIOIIJIBHO TIPOBECTH PEKYJIBTUBAILlIH-
Hi 3aX0/1, CIPsSIMOBaHi Ha crabisizaiito 3a-
OpyAHIOBaYiB y IPYHTI Ta 3amobiranus ix

MOAABIIN MIrpallii B CyMizKHI €KOCUCTEMU.
Taki 3axomn JOTTOMOKYTh 3MEHIITUTH PUBUK
BTOPUHHOTO 3a0py/IHEHHS TTOBEPXHEBUX 1
MiI3eMHUX BOJI, a TAaKOXK MiHIMi3yBaTu He-
TaTUBHUI BIJINB HA HABKOJIMIITHE TIPUPOJIHE
cepeioBUIIIE.

BUCHOBKH

Y pesysibTari arpoxXiMivHOTO Ta €KOJIOTO-
TOKCUKOJIOTTYHOTO 0OCTEKEHHS 3€MeJIb Clilb-
ChKOTOCITOZIapChKOTO TIpu3HadeHHs Ilepso-
Mmaticpkoi Ta CairypiBeskoi TI' Mukosais-
ChKOI 00JI. BCTAaHOBJIEHO ICTOTHI 3MiHK y BMiC-
Ti PyXOMMX CHOJIYK Ba)KKMX METAJIB MOPiB-
HSIHO 3 TOBOEHHUM TIEPiOIOM.

Y rpyHTax MoC/iKEHUX JMiNSTHOK 3adik-
coBaHo HajaBucoke (y 6,5-11,2 paza) migBu-
IIIeHHST KOHIIEHTpPaIlii pyXOMUX CITOJIYK Map-
Familio, a TAKOK 301IbIIEHHS BMICTY KaAMiIo,
KOOAJIBTY, MiJli, CBUHIIIO Ta IUHKY. PiBeHb 3a-
OpY/HEHHST TPYHTIB OI[HIOETHCS SIK CTa0OKMil
3a BMICTOM Maprasiiio, IOMipHUI — Ka/Milo,
31 3HaYHOIO Bapiabe/bHICTIO /IS CBUHIIO Ta
kobasnery. [Tepesutiienn [JIK s mikpoese-
MEHTIB He BUSBJIEHO.

[pyHTH HECiIbCHKOTOCIOAAPCHKOTO HPH-
3HAYEHHST XapaKTePU3YIThCs CepesHiM PiB-
HeM 3a0pyAHEeHHsT KaMieM, CJTa0KuM — Mif-
JII0, CepeqTHIiM — HiKeJieM Ta BUCOKUM—JIy Ke
BUCOKUM — KOGasbroM. ¥ Bcix mpobax 1€l
Kateropii 3eMesib 3a)iKCOBAHO 3POCTAHHS
I'/IK 3a BMicTOM PyXOMUX CIIOJYK CBUHITIO Y
1,2-2,9 pasis.

OTpuMaHi pe3yJibTaTu CBif4aTh PO JIO-
KaJIbHUIT XapaKTep TEXHOreHHOTo 3a0pyAHeH-
Hsl, 3yMOBJIEHUH BOEHHUMU figmu. [l MiHi-
Mizanii pU3UKIB BTOPUHHOTO 3a0pyAHEHHS
Ta 3a0e3MeueHHsT €eKOJIOrTYHOI GE3IeKH arpo-
manamadTiB HeoOXiHe 3MHCHEHHST PEKYTh-
TUBAIIHUX 3aXO/iB 1 3aMPOBA/XKEHHS OC-
TIITHOTO MOHITOPUHTY €KOJIOTO-TOKCUKOJIO-
ri4HOrO CTany IPYHTIB Ta POCIAMHHUIIBLKOIL
TIPOYKIIi].

JITEPATYPA

1. Solokha, M., Demyanyuk, O., Symochko, L., Mazur, S.,
Vynokurova, N., Sementsova, K., & Mariychuk, R.
(2024). Soil Degradation and Contamination Due to
Armed Conlflict in Ukraine. Land, 13(10), 1614. DOI:
https://doi.org/10.3390/1and 13101614.

2. Cruonutens, A., Tonyouos, O., Yymauenko, C.,
& Copokina, JI. (2023). Bnaug siiinu pocii npomu
Vkpainu na cman ykpaincoxux rpynmis. Pezyasmamu
ananizy. KuiB: I'O «LleHTp eKoJoriyHMX iHiliaTUB
«Exomist».

2025 + No 4 + ATPOEROJIOTTYHUI iKYPHAJI

105



O.M. TPUIIEHRO, P.I1. TIAJIAMAPYYR, JI.C. IINIAAXTYPOB, B.C. 3BAITACHUIL, T.JI. KPYITKO

10.

—
—_

13.

14.

. bamok, C. A., Kyuep, A. B., Cosnoxa, M. O., Cono-

Beii, B. B., CmipHosa, K. b., Mowmor, I. ®., & Jle-
BiH, A. 5. (2022). Bnaue 36potinoi azpecii ma 60€HHUX
dill Ha cyuacHuii cmau TPYHMOoB020 NOKPUBY, OUiHKA
wKoOu ma 30umkis, 3axo00u 3 8IOHOGACHHS: HAYK. OON.
Xapkis: ®OII Bposin O.B.

. Vidosavljevié, D., Puntari¢, D., Gvozdivc’, V., Jergo-

vi¢, M., Miskulin, M., Puntari¢, 1., ... Sijanovié, S.
(2013). Soil contamination as a possible long-term
consequence of war in Croatia. Acta Agriculturae
Scandinavica, Section B— Soil & Plant Science, 63(4),
322—-329. DOI: https://doi.org/10.1080/09064710.
2013.7.

. Berhe, A. (2007). The contribution of landmines to

land degradation. Land Degradation & Development,
18(1), 1-15. DOI: https://doi.org/10.1002/1dr.754.

. Sadig, M., AlThagafi, K. M., & Mian, A. A. (1992).

Preliminary Evaluation of Metal Contamination of
Soils from the Gulf War Activities. Bulletin of Envi-
ronmental Contamination and Toxicology, 49, 633—639.
DOI: https://doi.org/10.1007/BF00200774.

. Tomic, N. T., Smiljani¢, S., Jovi¢, M., Gligori¢, M.,

Povrenovi¢, D. & Dosi¢, A. (2018). Examining the
Effects of the Destroying Ammunition, Mines, and
Explosive Devices on the Presence of Heavy Metals
in Soil of Open Detonation Pit. Part 1. Pseudo-total
Concentration. Water Air Soil Pollut., 229, 301. DOI:
https://doi.org/10.1007/s11270-018-3957-0.

. Broomandi, P., Dabir, B., Bonakdarpour, B., &

Rashidi, Y. (2017). Identification of dust storm origin
in South — West of Iran. J. Environ. Health Sci. En-
gineer., 15, 16. DOI: https://doi.org/10.1186/s40201-
017-0280-4.

. Denton, G. R. W., Emborski, C. A., Hachero, A. A. B.,

Masga, R. S., & Starmer, J. A. (2016). Impact of
WWII dumpsites on Saipan (CNMI): heavy metal
status of soils and sediments. Environmental Scien-
ce and Pollution Research., 23, 11339—11348. DOI:
https://doi.org/10.1007/s11356-016-6603-7.
Bausinger T., Bonnaire E., & Preuss, J. (2007). Ex-
posure assessment of a burning ground for chemical
ammunition on the Great War battlefields of Verdun.
Sci Total Environ., 382, 259—-271. DOI: https://doi.
org/10.1016/j.scitotenv.2007.04.029.

. Hdewnicos, H., Asepin /1., FOmyk, A., €pmakos, B.,

VYmuuekuii, O., bucrpos, I1., ... Habusanelis, 1O.
(2017). Ouinka ekonoeiunoi wkodu ma npiopumemu
8iOHO06AeHHS D06Kinas Ha cxodi Ykpainu. Kuis: BAITE.
URL: https://www.osce.org/files/f/documents/6/3/
362581_0.pdf.

. KpaBuenko, O., Bacwmok, O., BoiiiixoBcbka, A.,

& Hopenko, K. (2015). JocmiakeHHs BIUIMBY Biii-
CBhKOBUX /il Ha TOBKiJUIS Ha cxoni Ykpainu. Cxio, 2,
118—123. URL: http://nbuv.gov.ua/UJRN/Skhid_
2015_2_23.

Jlicora, H. (2017). BruiuB BilicbKOBMX Jiii B YKpai-
Hi Ha eKOJIOTiYHUIi cTaH Teputopii. Haykosi 3anuc-
ku, 2, 165—173. URL: http://nbuv.gov.ua/UJRN/
NZTNPUg_2017_2_27.

3aitues, 1O. O., I'puenko, O. M., PomaHoBa, C. A.,
& 3aituesa, 1. O. (2022). Briiup 6GoiioBuX it Ha
BMICT BaJioBUX (hOPM BaxkKKMX METaliB y IPyHTax

15.

16.

18.

19.

20.

21.

22

23.

24.

CymMcbkoro ta OXTUpChbKOro p-HiB CyMCBhKOi 00J1.
Aepoexonoeiunuiit acypran, 3, 136—149. DOI: https://
doi.org/10.33730/2077-4893.3.2022.266419.

Kumar, D., Malik, S., Rani, R., Kumar, R., & Du-
han, J. S. (2023) Behavior, risk, and bioremediation
potential of heavy metals/metalloids in the soil sys-
tem. Rend. Lincei Sci. Fis. Nat., 34, 809—831. DOI:
https://doi.org/10.1007/s12210-023-01166-0.
Shukla, S., Mbingwa, G., Khanna, S., Dalal, J.,
Sankhyan, D., Malik, A., & Badhwar, N. (2023).
Environment and health hazards due to military
metal pollution: A review. Environmental Nanotech-
nology, Monitoring & Management. DOI: https://doi.
org/10.1016/j.enmm.2023.100857.

. Harada, K. H., Soleman, S. R., Ang, J. S. M., &

Trzcinski, A. P. (2022). Conflict-related environ-
mental damages on health: lessons learned from the
past wars and ongoing Russian invasion of Ukraine.
Environmental health and preventive medicine, 27, 35.
DOIL: https://doi.org/10.1265/ehpm.22-00122.
JACTY 4770.1:2007. fxicTh rpyHTy. Bu3HaueHHS
BMICTy PYyXOMMX CIIOJIYK MapraHiilo B I'PyHTi B Oy-
(epHiit amoHiliHO-aleTaTHI BUTsEKLI 3 pH 4,8 Me-
TOJIOM aTOMHO-a0copOLiitHOT crieKTpodoTOMETpii.
(2009). [YunHwuii Bix 2009-01-01]. Kuis: «/lepxcmo-
JKMBCTaHIAPT».

JACTY 4770.2:2007. SIkicth rpyHTy. BusHaueHHs
BMiCTy PyXOMMX CITOJIYK LIMHKY B I'PyHTi B OydepHiii
aMOHillHo-aleTaTHiil BuTskui 3 pH 4,8 metomom
aTOMHO-abcopbuiitHoi criekrpodorometpi. (2009).
[Yunnwuit Big 2009-01-01]. Kuis: «depkcroxuB-
CTaHIAPT».

JACTY 4770.3:2007. SIkicth rpyHTy. BusHaueHHs
BMICTY PyXOMMX CIOJIYK KaJMitO B IPYHTi B Oy(epHiit
aMOHiliHo-aleTaTHiil BuTskui 3 pH 4,8 metomom
aTOMHO-abcopbuiitHoi criekTpodoTomerpii. (2009).
[Yunnwuit Big 2009-01-01]. Kuis: «depkcroxuB-
CTaHIapT».

JACTY 4770.5:2007. SIkicth rpyHTy. BusHaueHHs
BMiCTY PYXOMHUX CIIOJIYK KOOAJIbTy B IPYHTi B Oydep-
Hilf aMOHiliHO-aueTaTHii BUTsDKLi 3 pH 4,8 MeTonom
aTOMHO-abcopbuiitHoi criekTpodoTomeTpii. (2009).
[Yunnwuit Big 2009-01-01]. Kuis: «depkcroxuB-
CTaHIapT».

. ACTY 4770.6:2007. SIxicts rpyHTy. BusHaueHHs

BMICTy PYyXOMMX CIIOJIYK Mifi B I'pYHTI B OydepHiit
aMOHillHo-aleTaTHiil BuTskui 3 pH 4,8 metomom
aTOMHO-abcopbuiitHoi criekTpodoromeTpii. (2008).
[Yunnwuit Big 2009-01-01]. Kuis: «depkcroxuB-
CTaHIapT».

JACTY 4770.7:2007. SxicTh rpyHTy. BU3HaueHHs
BMiCTy PyXOMUX CITOJIyK HiKeslo B I'PYHTI B Oydep-
Hilf aMOHiliHO-aueTaTHiit BUTsDKLi 3 pH 4,8 meTonom
aTOMHO-abcopbuiitHoi criekTpodoTomeTpii. (2009).
[Yunnwuit Big 2009-01-01]. Kuis: «depkcroxuB-
CTaHIapT».

JACTY 4770.8:2007. SIkicth rpyHTy. BusHaueHHs
BMiCTy PyXOMUX CIIOJIYK XpOMY B I'PYHTI B OyhepHiit
aMOHiliHo-aleTaTHiil BuTskui 3 pH 4,8 metomom
aTOMHO-abcopbuiitHoi criekTpodoTomerpii. (2009).
[Yunnwuit Big 2009-01-01]. Kuis: «depkcroxuB-
CTaHIapT».

106

AGROECOLOGICAL JOURNAL -« No. 4 - 2025



3ABPY/IHEHHS I'PYHTY PYXOMUMU ®OPMAMM BAKRUX METAJIIB YHACIIJIOR BOMOBUX ...

25. ACTY 4770.9:2007. Skicts rpyHTy. BusHaueHHs

BMICTY PYXOMMUX CITOJIYK CBUHIIIO B IPYHTi B Oydep-
Hilf aMOHiliHO-aLeTaTHii BUuTsDK1i 3 pH 4,8 MeTonom
aToMHO-abcopOLiitHoi criekTpodoromeTpii. (2009).
[Yuunuit Big 2009-01-01]. Kuis: «/lepKcroxus-
cTaHIapT».

26. ACTY 4770.4:2007. Sdxicts rpyHTy. BU3HaueHHs

BMICTY PyXOMUX CITOJIYK 3aJli3a B IPYHTI B OydepHiii
aMoHiliHO-aleTaTHil BuTsKUi 3 pH 4,8 MeTonoM
aToMHO-abcopOiitHoi ciekTpodoromeTpii. (2009).
[Yuunuit Big 2009-01-01]. Kuis: «/lepKcroxus-
cTaHIapT».

27. sluyk, 1. I1., & Bamok, C. A. (Pen.). (2013). Memo-

28.

oduka nposedenHs azpoximiyHoi nacnopmusayii 3emens
CLAbCHK02OCN00aPChK020 NPU3HAYeHHs (KepigHuil HOp-
mamuenuii dokymerm). Kuis.

[Tpo 3aTBepmKkeHHsSI HOPMATUBIB IPAHMYHO AOITYCTH-
MUX KOHLIEHTpaLiil HeGe3MeYHUX PeYOBUH Y IPYH-
TaX, a TAKOX TepesTiKy Takux pedyoBuH. [loctaHoBa
Kab6inery Minictpi Ykpainu Ne 1325 (2021). URL:
https://zakon.rada.gov.ua/laws/show/1325-2021-%
D0%BF#Text.

Crarrst Hagidnma 1o peaakiii skypuany 18.09.2025

2025 + No 4 + ATPOEROJIOTTYHUI iKRYPHAII

107



O.I1. CTEIIOR, JI.IT. KUPUYEHRO, B.B. JIIOBYEHRO, L.IT1. HITAHBRO

YK 633.791:581.1

MOMNEPEKEHHA TE®JIALINHUX ITPOIIECIB
Y XMEJIEHACAJIZKEHHAX ITOJICCA

O.I1. Cremiok, JI.I1. Kupuuenko,
B.B. JIio6uenko, 1.I1. IllTanbKo

Inemumym cinvcovkoeo eocnodapemea Iloniccs HAAH (m. 2Kumomup, Yxpaina)
e-mail: alex.stecyuk @ukr.net; ORCID: 0000-0001-8872-537X
e-mail: lkyrych@gmail.com; ORCID: 0000-0001-8604-2524
e-mail: vladovich 70@ukr.net; ORCID: 0000-000-7558-8054
e-mail: shtanko_hop@meta.ua; ORCID: 0000-0001-7847-0772

Y emammi akyenmosano ysaey na pesyrsmamax 0ocaiodceHs OKpemMux enemMeHmie mexHono-
2[YH020 Npouecy UPOULYBAHHS XMet0, AKI 3anobiearoms 6imposill epo3ii 6 azpoexocucmemi
XMeneHacaoHceHb, a maKoic ix 6naue Ha NPOOYKMuUeHicmes ma axicmo xmenecuposuru. Memo-
ou — noavogi docaiou, 1abopamopHhi, memeoposoeiuri 00CAi0NCeHHS, CMAMUCTMUYHT Memoou
auanizy. Bemanosaeno, ujo 6 acpoexocucmemi xmenenaanmayii 6UHaA4ANbHUMU NAPAMEMPA-
Mu npomudeaayiinol cmitikocmi rpyHmy € Cmyninb ROKPUMms Midcps0b XMeaeHAacaolNceHb
cudepanrvHUMu Kyabmypamu 6 01080 Hebe3neyHuil nepiod ma 36040JCeHHS TPYHMY, AKe
BHUMNICYE NOKA3HUKU PYIUHYS8AHHSA 8iIMPOCMIUKUX azpeeamie 00 epo3ilino Hebe3neunux po3mi-
pie — menute I mm. YV cepednvomy 3a mpu poku 00caioxiceHs iMOBIPHO-PO3PAXYHKOBI 6mpamu
TDYHMY Ha 8apIaHMAax 3a2arbHONPUUHAMOI MexHoA02ii 3a paxynok degaauii docseanu 4, 76—
4,84 m/ea, rpynmosaxuchi aepomexnonoeii matixnce na 100% 3anobiearu yum neeamueHum
0as aepoexocucmemu xmeaenacadxcenv npovecam. TIpodykmugnicme wuuwox xmenio cgio-
uyume npo me, w0 Mpaduyilina MexHoA02is BUPOUYBAHHS NOPIBHAHO 3 8APIAHMAMU TPYHMO -
3aXUCHOI npaKkmu4uo He masa nepesaeu. SAKuio 6poxcail wuwox 3a mpaduyiiHoi mexnonoeii
supouwyeanns cmanogue 1,63—1,72 m/ea, mo rpyHmo3axucHa mexHono2is 6UpouLy8aHus
peanizygana cebe @ mexcax 1,53—1,67 m/ea wuwox xmenio. Cudepayis mixncpsde xmene-
HacaoxiceHb NeAruKo-8i6CAHOI0 CYMIWKO0 daaa 3moz2y odepicamu maxy camy npooyK-
MmueHicms WUWOK, Wo i 8HecenHs nepecHolo @ mexcax 40 m/2a pa3 Ha dea poku. Hdkujo
nopigHioeamu 3 abcoatOMHUM KOHmMpoaem (eapianm 6e3 dobpus), mo Mu cnocmepieaemo
BHAYHY nepesacy 3 YpoducaliHocmi K mpaouuiiHoi aepomexnonoeiii, max i rpyHmo3axucHoi.
B cepednvomy 3a mpu poxu nepesacy 3 HaKonuueHHs anb@a-Kuciom eUaeAeHO HA 8apiaHmMax
TDYHMO3AGXUCHUX A2POMexHO02Ill, NopieHAHO 3 mpaduyiinoto npupicm 6y 0,3 abcorromuux
gidcomku. Tomy, echekmusne pynKyionysanHs azpobioyerosy XmeaeHacaodynceHb MOJICHA 3a-
be3neuumu 3acmocy8aHHsIM HOBUX eK0A020-0e3NeHHUX TPDYHMO3AXUCHUX A2PONPULIOMi8, SKi
6a3yromoca Ha YMPUMAHHI Midncpadb nio cudepanrbHuMu Kyabmypamu ma 6HeCeHHAM ) TPYHM
cynepabecopbenmy gonoeu Tepasem. Aepobionoeiuni cnocobu ympumaHus rpyHmy 0arome
MOJNCAUBICMb 3MEHWUMU AHMPONOCEHHE HABGAHMAJICEHHS HA eKOCUCMEMY XMINbHUKA, Nio-
mpumyrtouu cmabinbiy npoOyKmMuGHicmbs, a MaKodic NPUPoOOHULl npoyec TPYHMOoGiOH0BACHH S,
nonepedxcaroms 0e@asayiiino Hebe3neuni npoyecu Ha neeKux 0epHo80-ni030AUCUX TPYH-
max, a 3a nPOOYKMUBHICMIO 00epICAHOI XMeAeCUPOBUHU HAOAUNCAOMbCS 00 MPAOUUITIHOT
mexHon0eil.

Karouosi crosa: xminw, rpynmo3saxucha mexuonoeis, cudepam, rpyum, abcopoenm Tepasem.

DOL: https://doi.org/10.33730/2077-4893.4.2025.345437

BCTVYII

Tpaauttiiini perionu BUPOILTyBaHHS XMeJIIO
nepeOyBaTh IIi/] BIUIMBOM 3MiH arpoKJ/iMa-
TUYHUX YMOB TaKOIO CaMOIO MipOIo, K iHIITI
arpo0ioLeHo3H, 110 BIMArae HOBUX METOIUY-
HUX MXO/IB /10 BXKe iICHYIOUMX TeXHOJIOTiv-
HUX ITPOTIECIB Ta iX ajlanTailii 3 BpaxyBaHHSIM

© O.I1. Crewox, JI.IT. Kupuuenxro, B.B. JloGuenko,
L.I1. Iranbro, 2025

MOTOHO-KJIIMATUYHNX YNHHUKIB Bereralii-
HOTO Mepiofy XMeJio.

ArpoekoJioriuni cucremMu 6araTopiuHUX
HAca/KeHb XMEJI0 Yy 3B'SI3KY 31 3HUIKEHUM
BOJIOT03a0€e3IIeYeHHAM, a TaKO0K HEPiBHO-
MipHUM PO3MO/IIJIOM OMAJIiB il Yac pocTy Ta
PO3BUTKY POCJUH 3HAYHO BTPAYAIOTh Y MPO-
JlYKTUBHOCTI Ta SIKOCTi XMeJiecupoBuHu. Kpim
TOTO, Ie(IIUT BOJIOTH CIIPUSIE TTEPECUXAHHIO
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MOTEPE/IFKEHHA JEDIIALIHNAX MTPOIECIB Y XMEJITEHACAIFREHHAX TTOJICCHA

BEPXHBOTO LIAPY IPYHTY, 0COOIUBO y Iepe-
XiITHWI BECHSIHO-JIITHIN Tepioj, KOJTU arpo-
eKocucTeMa XMeJIeTIJIaHTallil 1Tie He3aXuIieHa
pocauHHICcTIO. BinbiricTs xMesnenmanTamnii
Ta XMeJIeHACa/[)KeHb PO3MIIIeHO Ha JIeTKUX
JepHoBo-niazoauctux rpyurax Ilomices, axi
€ nedusniiiHo HeGe3eYHMMI 3a TAKUX YMOB.
[Mocunenust MBUAKOCTI BITPY MPU3BOAUTH
JI0 BUZYBAHHS BEPXHBOTO POJIOYOTO APy
IPYHTY 3 arpO€KOCUCTEMU XMeJIEHACA/IPKEHb,
B OKpPEMi POKU B I€li TIEPiO/] CITOCTEPIrafoTh-
cs1 itoBi Oypi, 110 paHime OyJI0 PiAKICTIO
s [logices. Brpatu pomiodoro mapy rpyHTy
JI0 TOrO K Habauxkanucs 10 5 1/ra. Jlerkuii
IPaHyJOMETPUYHUHN CKJIAJ AePHOBO-II/I30-
JIUCTOTO TPYHTY CHpUs€ nedIsaiitHuM 1Ipo-
1ecaM yske 3a MBUAKOCTI BITPY 10 5—7 M/c
Ha TPYHTOBIH TOBEPXHI.

Hagezseni ynunHuKyU BKa3yloTb Ha Te, IO
arpoeKkocucTeMu GaraTopiuHUX HacalKeHb
XMEJTIO TIOTPEOYIOTh TEXHOIOTTUHOT atanTariii
JI0 3MiH KJIiMaTy.

YrpumanHS MIKpPsAb XMeJeHACA/)KeHb
/] cuiepalbHUMU KYJIBTYPaMu y HaitHeOes-
MEeYHINNI BeCHSIHO-JIITHINA Tepioji aKTUBHO
CIIPUSIE 3aXUCTY TPYHTIB BiJl lepIsIiiiHO He-
Ge3MeYHrX MPOIIECiB.

HasgBHicTh poCJMHHOIO IIOKPUBY 3a6e3-
MeYy€E TAaKOK MOKJIMBICTD TTPOBE/IEHHST TEXHO-
JIOTIYHUX OTIepalliii mijr yac mepe3BoJI0KeHHS
rpyurty. ITix yac mocyxu cugeparu ta GaraTo-
piuni TpaBu 3a106iraloTh gedsiii.

OnnuM i3 HapsAMIB peasrisaiiii Hamoro
IIPOEKTY € BKJIIOYEHHS B CUCTEMY JIOCJIi/[)KEHb
3aCTOCYBAHHS BOJIOTOYTPUMYBAJIbHUX CyTIep-
abCcopOEHTIB, 110 0COOTUBO AKTYAJIBHO B YMO-
Bax 3MiH kiimary. Ili yac 3akmafianus HOBUX
GaraTopiyHMX XMeJIeHACaKeHb 1€ CIIPUSIE
PO3BUTKY KOPEHEBOi CUCTEMU POCJHH 1 i1
BHUIIleHHIO BposkaiiHocTi. [lomimMepu maoThb
PIZIKICHY BJIACTUBICTh KPUCTAJIB TTOTJIMHATH
i yrpuMyBaTu B 061 Taky KiTbKiCTh PifnHwM,
sIKa B COTHI pasiB IepeBUIIYE 1X BJIACHY Bary,
a 3a HeoOXiqHOCTI (111 Yac 3acyx) BiJgaBaTu
ITI0 BOJIOTY POCJINHI.

Mera poGOTH 1OJIATAC Y BUSBJIEHH] TEX-
HOJIOTIYHO a/IalITOBAHNX arpolpuiioMiB Y cuc-
TeMi GaraTOpivHUX HACA/KEHD XMEJTIO B YMO-
BaX 3MiH KaiMary, 1o 6 HamiiHO 3aXUINaIn
Jierki siepHoBo-mia30ucTi rpyntu [lomices

BiZ BiTpOBOI eposii Ta 3abesnedyBaayu cra-
61JIBHO TIPOAYKTUBHE (DYHKI[IOHYBAHHS arpo-
6i01IeHO3Y XMeJIeHACA/KEHb.,

AHAJII3 OCTAHHIX TOCIIIXKEHb
I ITYBJIKAIIIN

OCHOBHUMU TPUYUHAMY MiHJIUBOCTI KJIi-
MaTy Ta HOTO 3MiH € MOEHAHHS BIINBY 30B-
HINTHIX Ta BHYTPINIHIX YMHHMKIB Ha KJiMa-
TUYHY CUCTEMY. 32 JAaHUMHU OCTaHHBOTO 3BIiTY
BMO (BcecBiTHBOI METEOPOJIOTIYHOI OpTraHi-
3arii), B HAWOIMIKYI IeCATUPITUST OUiKY€ETh-
€1 IPOJOBKEHHs IJ100aJbHOr0 MOTEILIiHHS
kaimaty, 10 2100 p. cepegnsa TemmepaTtypa
migsuiurhesa Ha 1-3°C. i 3Minu 3aB1aioTh
3HAYHOTO BILJTUBY Ha CiJIbChKE TOCTIONAPCTBO.
Tomy BasKJIMBO PO3POOUTH CTpaTerito GopoTh-
61 3 OMIOGHIME BapiallisiMH, 3aCTOCOBYBATH
TeXHOJIOTIYHI 3MiHM Ta iHHOBaIil 171 30e-
PEXKEHHS MPOJYKTHUBHOCTI CiJTbCbKOTOCITO-
JapChKuX KyasTyp [1].

3HAUHY aKTyaJbHICTh B YMOBaX 3MiH KJIi-
Mary HabyBa€ 3aCTOCYBaHHS BOJIOTOYTPUMY-
BaJIbHUX CynepabcopOeHTiB, KOTPi 0COOIUBO
YCIITHO 3aCTOCOBYIOTHCSI B MOCYIIIUBUX
perionax bsmsskoro Cxomy Ta Kurato [2—4].
3a pe3yabraTaMy JIOCTIKeHh BUCHUX TTUX
perionis Bukopucrai cynepabcopOyBanbHi
nosimepn (SAP) nosuTuBHO BIIMBAIN HA
BOJIOTOYTPUMYBAJIbHI BJIACTUBOCTI TPYHTIB,
iX caHaIliio Ta BiIHOBJIEHHS, PICT i PO3BUTOK
Pi3HUX CiJIbCHKOTOCTIOJIAPCHKUX KYJIBTYD Ta
JIEPEB, TO A0 MOXKJIUBICTb POCTMHAM BU-
TPUMATH YMOBH TIOCYXOBOTO CTPECY Ta Ii/-
BUIIUTH iX YPOSKAINHICTb.

IMornmHanHs Ta gecopO1lis BOAM 3a 3aCTO-
CyBaHH# CyIepabCOPOEHTIB 10MOMAarae BILIU-
BaTHW Ha TIepPeCUXaHHS IPYHTIB Ta iX SKICTb.
CymiepabcopOyBasibHi TiZIPOreNi € MOBHICTIO
6IOpO3KIaTHUMU Ta 3a0€3Ie4yIOTh YUCTOTY
IPYHT—TIOBITPsI [5].

3a panumu S. Malik, K. Chaudhary,
A. Malik [6] i3 imgiiicbkoro ciabCbKOroco-
Japchkoro yHiBepcutety SAP mokpairyioTh
nopucticts rpyuTy (0,26—6,91%) Ta 3mentiry-
I0Th BTPATHU a30TY 3 IPYHTY 10 43%.

Boanouac kutaticeki Haykosii Y. Yang,
S. Zhang, J. Wu, C. Gao, D. Lu [7] y cBoix
JlocJijipKeHHsaX 32 Bukopucrtanusg SAP na
MIIEHUI 03UMiil Masiu 301/IbIIIeHHS KiJIbKOCTI
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arperaTiB po3mipom >0,25 MM Ta 3MEHIITEHHST
KizpKocTi arperariB <0,25 MM TIcJIsT OZHOTO
poky (2009 p.) Ta 9 pokis (2019 p.) BuKropuc-
tanust. Kpim Toro, SAP mijsuriye 3acrocysan-
Hs Boziu Ta azoty. O6pobka SAP y 11031 45 Kr/Ta
€ Hail eheKTUBHIIIIA HA TIIIEHUI] O3UMII.

Yuniiiceki Bueni D. Palma, O. Lagos,
C. Souto [8] mocuaijzkyBanu Tifiporesap Ha
TPBOX IPYHTAX IPyOOI TEKCTYPU Ta OTHOMY
IPYHTI cepeiboi TekeTypu. OTpuMau JaHi,
IO HA TINAHUX I'PYHTaX eeKT Tifiporemin
Kparnii, Hik Ha TIAMHUCTUX.

Kuraiicbki gocnignuku H. Zheng, P. Mei,
W. Wang [9], nposesiu riio06ajibHuii MeTa aHa-
ni3 1504 mapaux TouoK manux i3 310 crarei,
omy6aikopanux no aunmg 2022 p. JJogasan-
Ha SAP 50 TpyHTY mpuBeJsia 10 Mi/BUIIEH-
HsI cepeiHboi BposkaitHocTi Ha 12,8—17,2%.
Haiipuiuii npupict y 6060BUX KyJIbTYP,
a eKOHOMIYHO BUTI/IHIIIIE B OBOYEBUX.

O/Hak € BiKe i TIeBHi 3acTepesKeHHsT BiTHOC-
HO 3actocyBaHHst SAP y rpyHT, sIK 3a0pyiHIOBa-
Ya MiKPOIIJIACTIKOM. 30KpeMa, HiMeIlbKi BUeHi
C. Buchmann, J. Neff, M. Meyer, M. Bund-
schuh [10] npononyiots perenbHo BUBYMTU
BifmoBifHI Tporecn Tpanchopmaiii SAP y
MOJHOBUX YMOBAX, KDUTHUHO TIEPEOI[iHUTH
BHeceHHss SAP y rpyHT Ta BCTAaHOBUTH HAJIITTHI
METO/IM MOHITOpUHTY. HeratuBHuii BIyinB Ha
3/10pOB’SI Ta (DYHKITIOHYBAHHS IPYHTY MOXKYTh
HEraTUBHO MO3HAYUTHUCH HA BPOKAITHOCTI.

SIK HACTIIOK MiABUIIEHHS CEPETHBOI TEM-
nepaTypu TOBITPS Ta HecTadi omajiiB y Bec-
HSAHO-JIITHIN Tepiof;, BepXHi 1Iapu IPYHTY
3a3HAIOTh 3HAYHOTO Tnepecytnierns. [lopusu
BITPY MPU3BOJATH 710 PyHHYBAaHHS MTOBEPXHI
IPYHTOBOTO TIOKPUBY Ta PO3BIIOBAHHS IPO-
IAYKTiB BUBITPIOBaHHsI, TOOTO 10 BiTPOBOI
eposii (meddrii, BugyBanns). 3a faHUMUA
Y «IuctutyT oXopoHu IpyHTIB YKpaiHnu»,
IHTEHCUBHICTHh BUYBAaHHS TPYHTY 3HAUHOIO
MipOIO 3aJIe;KUTD Bijl HOTO TPAHyIOMETPUIHO-
r'O CKJIa/ly 1 BMiCTY B HbOMY F'yMYCY: Ha IPYH-
Tax CYIIIAHOTO IPAHyJOMETPUYHOTO CKJa-
Jly BITPOBA €po3is MOUYMHAE TTPOSIBIISATHCS 32
HIBUJIKOCTI BiTPY 3—4 M/C, JIETKOCYTJINHKO-
BUX — 4—6 M/c. ¥ MiBHIYHUX Ta MiBHIYHO-
cXimHUX paiioHax YkpaiHu muiosi 6ypi Tpa-
mstioThest oinH pa3 3a 10 pokis. [Ipuunnoro
BiTPOBOI1 €po3ii, KpiM HeCHPUATINBUX KJIi-

MaTUYHUX YMOB, € PyHHYBaHHS 3€pHUCTOI
CTPYKTYPU IPYHTY BHACJII/IOK HEIIPABUJIbHOTO
006pOGITKY Ta BiICYyTHOCTI HAAIMHOTO HOTO
3aXMCTY, 3HUIIEHHI B MUHYJIOMY I'PDyHTO3a-
KpITTIOBAJIbHOI POCTMHHOCTI, pyWHYBaHHI
CTPYKTYPH T'PYHTIB, 3MEHIIIEHH] 3arajbHO] JIi-
CHCTOCTI, HEOTPUMAHHS TEXHOJIOTI 06po0iT-
Ky I'PYHTY Ta [lepexi/l Ha MOHOKYJIBTYPU.

Bitposa eposisg B okpeMi poKU TIepeBaskKHO
B 30ni Creny, a Hapasi i B 3oui [Tomices, moxe
BizOyBarucs Ha 1o 4o 20 mun ra [11].

IITxoma, 110 3aBAa€ BITPOBa €PO3is CLIb-
CbKOMY TOCIIOZIAPCTBY, BUSBJISETHCA Y BUJLY-
YeHHI 3 [I0BePXHEBOIo HIapy YaCTHHU PYHTO-
BOTO Martepiaiy, Mo 3yMOBJIOE 3HAUHI BTpaTH
TyMycy 1 TOKUBHUX PEUYOBUH, a B KiHI[EBOMY
MiJICYMKY — 3HWKEHHS POJIIOYOCTI TPYHTIB.
[Ilopiuni BTpaTh IPyHTIB BiJl BITPOBOI €po-
3ii ma [ouicci i B JlicocTeny cTaHoBJsITh 2—
5 T/Ta 3a HU3BKOI MBUKOCTI BITPY.

Axanemik O.I. Tapapiko, skuii TpuBainii
1epioJ] 3aliMAETHCS IOCIIPKEHHIMU POPMY-
BaHHS €pPO3iHO CTIHKUX JaHAmadTiB 30HU
[Tosicea ta Jlicocteny YKpaiHu HaBOAUTD
nani mo naecui 2020 p. He3BuyaitHa mnuo-
Ba Oyps oxomnmia YkpaiHncbke i Bijmopycbke
[Momices. 3a faHUME CYTYTHUKOBUX 3HIM-
kiB Sentinel-5P Aerosol Index, mo micturhb
iHdopMaIliio Mpo KOHIIEHTPAIlilo aepo30JIiB
(1piGHOAMCTIEPCHOTO MUY ) BCTAHOBJIEHO, IO
TEPUTOPIst MACIITAOHOTO HPOSIBY AeIISALIT 110~
BEPXHI TPYHTY OXOIHJIA TIOILY JI0 3,5 MJIH Ta.
Emitentp 1iei Oypi sHaxoauBest Ha Mexi JKu-
tomMupcbkoi Ta KuiBchbkoi 06J1. Ha IJIOIL
61M3bKO 88 THC. Ta.

O.I. Tapapiko HaroJoTIy€E, 1O 1€l TPOsB
nedusanii B oui [Moices OyB cupuunHeHuii
nedinuToM Bosorw HaBecHi 2020 p., HU3b-
KOIO TTPOTUEPO3iNHOI0 CTIHKICTIO IEPHOBO-
MiI30JTUCTUX TPYHTIB, a TAKOK ITOPUBYACTHU-
MU BiTpamu 3i mBuakicTio 10 20-22 M/c.
Bin BKasye, 1m0 ocTaHHIM 4YacoM HaBecHi B
3oni ITosticest 36iabIMIach KiJbKicTh POKIB
i3 IIOCYIIJIMBOIO BECHOIO, 110 HiABUILYE PU-
3WK BITPOBOI €po3ii, HaBiTh HA TEPUTOPISIX, /e
paniiiie BOHa TIPOSIBJISIACS JIOKATbHO TiJTbKU
Ha 1epecylieHux TophoBUX Ta TJIMHUCTO-IIi-
MaHuX IpyHTax [12].

[Inomti rpyHTiB, SKi MiAAAIOTHCS BITPO-
epo3iifHIM ITpoIecaM TMOCTIHHO 3POCTA0Th
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i xpainax esposonnu. P. Borrelli 3i criBasr.
[13; 14] BigsHauaroTh, Mo HpobaeMa OLIHKU
CIIPUNHATINBOCTI 3eMeJib /10 BITPOBOI epo3sii
Ta BTPAT IPYHTY BHACJIZOK IIHOTO MPOIECY
CTa€ 3arajJibHOEBPOIEICbKO0. 3 MOranbIeH-
HIM TOCTiKeHb 1miei temaruku y P. Borrelli
3'SIBJISIIOTHCSI HOBI TTOTJIsIiM Ha Teorpadiio Ta
MoztesioBantst gedursiii [15; 16].

Anastoriui mpobJIeMu CTOCYIOTHCS TAKOK
nocynuinux periouis CIITA, npo 1o cBij-
yaTh HayKoBi myOurikanii Michael C. Daniway
i3 cmiBaBT. [17], B IKMX TaKOXK aKI[EHTYETHCS
yBara Ha MeTOZAX 3al00iraHHsI 1M HEraTuB-
HUM SIBUIIAM.

XMinab gx Gioorivnuii 06’eKT A pea-
Jli3alfii TeHeTUYHOTro MOTEeHIiaxy B IpoIleci
JKUTTEMIATBHOCTI OTPEOYE MEBHUX arpoKJIi-
MaTUYHUX i TPYHTOBUX YMOB. 30KpeMa, JIJIs
HOro pocTy i pO3BUTKY HAUOLIbII CIIPUATIIN-
Ba Temreparypa Bix 20 go 30°C (3a mocrat-
HbOI BoJsiorozabesnederocti). Kpim toro, o1-
TUMaJIbHA cepeIHbOPiuHa TeMIepaTypa MOBiT-
ps csrae Bix 7,5 no 8,5°C, a cyMa aKTUBHUX
temriepaTyp Habmkaerbes 10 3000°C (Bix
2500 1o 2900°C) [18].

B ocranni gecATupiuds crioctepira€Thes
3arajbHe TTOTEIJIIHHS KJIIMATY 3 O/IHOYACHIM
MMOCUJIEHHAM HOTro KOHTPACTHOCTI — IoYac-
Tillajia TPUBAJIICTh TMEPIOJIB SIK HAAMiPHOTO
3BOJIOJKEHHS, TaK 1 HetunoBux st Ilomices
nocynuBux AHiB [19].

[uksrivHi 3MiHA KJIiMaTy — 4epryBaHHS
MTPOXOJIOTHO-BOJIOTHUX 1 TETJIO-CYXHUX Tepio-
NiB, € 3akoHoMipHnMu. CydacHa Tero-cyxa
(aza posmnouamnacs B iepiox 2005-2007 pp., a
il MaKCHMyM MaB O TIPUITAIATH, 33 PO3PaXyH-
Kamu BueHuX, Ha yac 2011-2015 pp.

Ha gaci 2025 p., Ta KoJMBaHHS TeMIIe-
parypu B Gik 301/IbIIIEHHS, a onaiB — y OiK
3MEHIIEHH, 3aJUIIAEThCs CTAOLIBHIM, IO
HETATUBHO BIJINBAE HA CTIMKICTh arpoeKoCHC-
TEeMU XMeJEHACAPKEHDb Ha JIETKUX JIEPHOBO-
MiI30JIMCTUX TPYHTAX /10 BITPOBOI €poaii, 1110
i CIIOHYKaJI0 HAC JOCJIKYBaTH CIIOCOOM 3a-
1oOIraHHsL IIUM [IPOLECAM.

MATEPIAJIM TA METOJIN
JOCIIIXKEHD

Hocaimxenna npoBonInd Ha XMeJIerIaH-
taiii [HCTUTYTY cisbehbKkOTO rocmofapcTBa

IMoxicea HAAH. O6°exm docridxcenny — tex-
HOJIOTIYHO aJIalTOBaHi arporpuiioMu B cUCTe-
Mi GaraToOpivHUX HACA/KEHD XMEJTI0 B YMOBAX
3MiH kJiMary. ITpedmem docaidncens — XMijib,
IpyHT, cynepabcopbeHT Tepaser, MOrOIHO-
KmiMaTuami ymosu. Memodu — TOIbOBI 710-
cJtiu, 1abopaTOPHi, METEOPOJIOTTYHI OCIi-
JKEHHSI, CTATUCTUYHI METOIN aHATI3Y.

Opraniuni gobpuBa — mepertiii, cue-
PaJIbHI KYJIBTYPHU.

Tpaauuiiini XiMiuni MinepaabHi 106puBa:
amiauna cesitpa, 34%; cynepdocdart, 20; ka-
Jii xpopucruii, 60%.

Hopwmy 3actocyBanHst opraHiuHUX Ta Mi-
HepaJIbHUX JI0OPUB TIijl POCJMHU XMEJTIO BCTa-
HOBJIIOEMO 3 yPaxXyBaHHSIM BMICTYy y I'PYHTI
OPTaHIuYHOI PEYOBUHU, MIHEPATHHOTO a30Ty
i eJIEeMEHTIB JKMBJIEHHSI Ha MPOTPAMOBAHUH
yposkaii. [leperniii BHOCUMO TIepioInyHO, Ue-
pe3 pik.

Ax cunepanbHi KyJIbTYypH 3aJ€KHO Bif
BapiaHTIB y MUIKPAIAAX XMEJI0 BUCIBAEMO:
PEbKY OJIiIHY, TIPYUIlO, MEJONTKO-BiBCSIHY
CYMILIKY.

ArporexHika 3araJbHONPUIHATA BijIIO-
BiZTHO 3 TEXHOJIOTIYHOIO KapTOIO, KPiM UMH-
HUKIB, 1[0 TIOCTaBJIeHI Ha BUBYEHHS.

3akJialaiis JI0CJily BUKOHAHO Y Bec-
Haauit mepion 2021 p. Ha rmranTamii Ne 212
ICT'TI HAAH. Copt xmemio 3arpasa. Pik ca-
ninng — 2016 p. Poamip gocaigHoi giissHku
(BapianTa) — 30 M2, 061ikoBOI — 24 M2, Lo~
nia xuBjeHHss pocana 3x 1 M. [ToBTOpHICTH
JIOCJIily — YOTUpUpa3oBa. I pyHT JepHOBO-
Mi/I30JIUCTNI CyTITIaHTH.

[Tictp (6) BapiaHTiB KOCTILYy PO3MIIIEHO
CHCTEMATHYHO, ABOMA OJOKAMH B YOTHPHOX
noBTopeHHX. biiok 1 Bkitouae 2 moBHUX Ha-
60opu BapiaHTiB; GJOK 2 BKJIIOYAE 2 TIOBHUX
Habopu BapiaHTiB.

Jly1s1 arpoxXiMivuHOI OIIHKK TPYHTY TIepen
3aKJIaIaHHsAM BiIOUPAIN 3PasKu 3 JIBOX TO-
pusontis: 0—-20; 21-40 cm.

¥ 3paskax MoK XMeJTo BU3HAYaIN BMICT
aTb(a-KICIOT KOHAYKTOMETPUYHUM METOIOM
arigno 3 JICTY 4099. Xwmisb. [IpaBuiia Bigou-
paHHs pob Ta METOAN BUIIPOOYBaHHSI.

[IpoBOMMI MOHITOPUHT 3a1aciB MPOIYK-
TUBHOI BOJIOTU B IPYHTI BIIPOJIOBK BeTeTaIlili-
HOTO TIepiojly POCTUH XMEJIIO.
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Y 3paskax IpyHTY BUSBILIU TaKi arpo-
XIMIYHI TOKA3HUKM:

* rymyc — 3a Tiopiaum JICTY 4289:2004.
AxicTtp rpynty. MeTonu BU3HAYaHHSA OP-
TaHIYHO1 peyoBUHU (TIepest 3aKIaTaHHsIM i
3aKiHUYEHHSM JIOCTILY );

* PH,,, TariaponiTuyHa KUCJOTHICTb — IO-
renmiomerpuano (JICTY ISO 10390:2001
Axicte rpynTy. Busnaganus pH);

e aszor gerkorigponizuuii — J[[CTY 7863:
2015. Sxictp rpyHTy. BUsHauenns jerko-
rizposizaoro azoty Metogom Kopudinaa;

* docoop Ta kamiit — JACTY 4405:2005.
Axicts rpyHTY. BU3HaYeHHST PyXOMUX CIIO-
ayk ¢ocdopy i kaio 3a Metogom Kipca-
nosa B Mmojudikartii HHIT «ITA».

[Tporuaedasaiiiina cTilikicTh TPYHTY
OT[IHIOBAJIN 32 METOUKOIO €KCITPEC METOMY
A.B. JlaBpoBcbkoro [15].

Bukonano MOHITOPUHT METEOPOJIOTIUHIX
JNAHUX TMOTOAHO-KIIMATUIHUX YMOB arpo-
JganmadTy XMeleHaca/KeHb 3a I0TIOMOT0I0
MeTeocTanilii Vantage Pro 2.

_ PE3VJIBTATH
TA IX OBTOBOPEHHS

[nTeHCHMBHNUIN TEXHOIOTIYHUH TIPOTIEC BU-
POILyBaHHS XMeJII0 TPaAUIiiHO nepexbadae
YTPUMaAHHS MIXKPSAAb XMeJeHACAKEHDb Y
CTaHi, BIIbBHOMY BiJl POCJIMHHOCTI 32 paxy-
HOK MiXKpsAAHUX KyJbrusailiii. [le mpusso-
JUTDb JI0 MOPYILIEHHS IPUPOJHOTO IIPOIecy
BiZITBOPEHHS POIOYOCTI IPYHTY, 3HMKEHHST
crabisbHOCTI DYHKIIOHYBAHHS Ta IPOAYK-
TUBHOCTI arpo6iolieHosy, a 31 3MiHOI0 KJIiMa-

TUYHUX YUHHUKIB CTBOPIOE BUCOKI PU3UKU
neduIAiiHIX IPoIECiB, 0COOIUBO Ha JIETKUX
JIEPHOBO-TII30JTUCTUX TPYyHTaX.

Bukopucrtanng arpoTexHoJIorii 3 eeMeH-
Tamu GioJiorizanii 3a paxyHOK cujeparii Ha
BITUM3HIHUX XMeJIeHACA/KEHHSIX, iX BIJINBY
Ha npomudediayitiny cmiuKicmos rpynmy €
MUTAHHAM HEIOCTI/KeHUM i moTpebye pos-
MIUPEHOTO Ta TOTINOJECHOTO BUBYEHHSI.

Ha rpynrosaxucuux dhonax s 10cJi-
JUKEHH SIK CUJIePJIbHI KYJIBTYPU Y MIKPSIL-
IIX XMEJT0 3aJIeKHO BiJl BapiaHTIB BUCISHI:
peodvka oniina, 2ipunis, NeiouUKo-6i6Cana
CYMIWKA.

3enere T0GPUBO € TOCTYIIHUM, TTOCTIHHO
BiIHOBJTIOBAJIBHUM JIZKEPEJIOM OPTaHiuHOI pe-
YOBMHM. 3a JJaHUMU HAYKOBMX JIOCJII/)KEHD,
3aroptanig B rpyHT 20—30 T/Ta 3eseH01 Mach
cuziepatis 3abesneuye edexT, piBHOIHHUN
BHECEHHIO aHAJIOTIYHOI KiZTbKOCTI THOTO [21].

3a HAIlUMU TaHUMW, HAWBUII TOKA3HUKI
BPOJKaHOCTI 3ej1eH0i Macu 3adikcoBaHO B
penbku ojititHoi — 277 11/Ta, HaltHIK4Ya BPO-
JKAUHICTD y IEJIIOIIKO-BIBCAHOI CyMIIIKU —
206 11/ra, npoTe MO3UTUBHUM € TOU (haxT,
[0 TIEJTIOTTKA /IA€ MOKJIUBICTH 30araTuTH
IPYHT a30TOM, HEOOXITHUM JJIst (DOPMYBAHHST
BPOZKAI0 XMeJI0; Maca Tipuuii 6yJsa Ha piBHI
244 u/ra (maobn. 1).

YposaiiHicTh 3e1eH01 Mach CHU/IepaIbHIX
KYJIBTYP Y MIKPSIZIAX XMeJleHaca/[’KeHb BKa-
3YE€, 110 BOHU Peasi30BYIOTh CBill MOTEHITIA
110 HAKOMTMYEHHIO 3eJIeHOT MacH JIUIIe 32 YMO-
BU JIOCTATHDBOI 326e3MeYeHOCT] onaaMu 3a ixX
Tepiol BereTartii.

Tabsurs 1. YposkaitHicTs 3e1eH0i MacH CUIePATIbHUX KYJIBTYP,
BHCISIHUX y MiKPAIAAX xMerenacamkens (2021-2023 pp.)

VposaitHicTs, 11/ra

Bapiantu Cepenne
2021 | 2022 | 2023

1. 3T (6e3 1o6puB, YOPHUIL Map) — abCOMIOTHIIT KOHTPOJIb Bes cuneparis —

2. 3T (ruiit 40 t/ra + Ny99P1oK 149, TOpHUII MTap) — KOHTPOID bBes cuneparis —

3. 3T (ruiit 40 T/Ta + Ny99P100K149 + Terawet 8r, vophuit nap) Bes cuneparis —

4. I'T (ripuntig + NyogP1oK 149 + Terawet, 8r) 244 | 259 | 228 244

5. I'T (pexpka omiiia + NygoPigoK 49 + Terawet, 8r) 291 | 279 | 260 277

6. I'T (memomko-BiBesHA cyMint + NyogPgoKy49 + Terawet, 8r) 214 | 204 | 200 206
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BiamoBigno 10 arpoexosioTivHUX yMOB
MTPOBEJIEHHS I0CII/IKEHD TTPOBO/INBCS MOHITO-
PUHT 3araJibHUX 3aMaciB BOJIOTY B TPYHTOBUX
nrapax Iriji XMeJjeHaca/PKeHHsiMu 1o (aszax
posBuTKy pocauH. ITix yac Bizbopy BosOrH
IPYHTY PaHHBOIO BECHOIO, 10 PO30PIOBAHHS
psAiB XMeo, Bke 0y10 3adikcoBaHo BiaMiH-
HOCTI Y BOJIOTOHAKOTIMYEHHI Mi>K PI3HUMU Ba-
piaHTaMM arpoTEeXHOJIOTIH, 3a7I€5KHO BiJ| Iapy
rpyuty, ocobauso y 0—-20 i 0-50 cm mapax.
[IepeBara y BoJIOTOHAKONIMYEHHI BapiaHTIB
31 BHECEHHSIM cymepabCcoOpOeHTY CTaHOBUJIA
BiZINOBiIHO 35—43% Ta 26—32% MOpiBHSIHO 3
Bapiantamu 6e3 BHecenHs Tepaser.

[Tiz yac cxomiB XMeJTI0 Ha TPYHTO3aXICHUX
Ta TpaJUIHHUX (hOHAX arpOTEXHOJIOTIN 13 3a-
CTOCYBaHHAM CyepabcopOeHTy criocTepiraim
TEH/IEHITIIO /10 HAKOTTMYEHHS BOJIOTH B TPYHTI
sk B 0-20 cMm, Tak i B 0—50 cm mapax, okpim
BapiaHTa 3araJbHONPUIHATOI TeXHOJIoril 6e3
BHeceHHsT TepaBeT, a TAKOK Ha HEYI0OPEHOMY
doui (abCOMOTHUN KOHTPOJID).

Y nepion ¢asu iHTEHCUBHOTO POCTY Ta
PO3BUTKY POCJIMH BHeceHHs1 TepaseT Oinbii
SIKICHO CIIPUSLIIO HATPOMA/PKEHHIO BOJIOTH SIK
y 0-20, Tak i B 0—50 c™m mrapi rpynry. Ilepe-
Bara TIOPIBHSTHO 3 BapiaHTaMu 0e3 BHECEHHST
cynepabcopOeHTy CTaHOBMJIA HA OKPEMUX Ba-
pianTax 710 46% y 0—50 c™ mapi rpyury. Ana-
JIOTIUHI MA€EMO Pe3yJbTaT i B Tiepiof] (hopmy-
BaHH4 MIUIIKYU Ta TEXHIYHOI CTUTJIOCTI.

Tomy Ha TpeTiii pik ImicJs 3acTOCyBaH-
Hs1 cyrepabcopOeHTy BiH TPOsiBUB cebe J10-
cuTh e(DEKTUBHO B arpoeKOCUCTEMI XMele-
Haca/pKeHb Y TJIaHI HAKOTTMYEHHST BOJIOTH Y
Bepxubomy 0—20 ta 0—50 cMm mapi gepHOBO-
ITi/I30JIMCTOTO IPYHTY. SIK BiZIOMO, 3BOJIOKEH-
HS TPYHTY 3HWKYE TTOKa3HUKU PYWHYBaHHS
BITPOCTIIIKUX arperariB /10 eposiitHo Hebes-
MEeYHUX PO3MipiB — MeHIie 1 M, 110 11i1BU-
HIy€e npotuedIsiiitHy CTIiKICTb TPYHTY.

[InTanHs BITPOBOI €po3sii JIeTKNX epHO-
BO-IIIA301MCTUX IPYHTIB Iloices me Oyio
akTyaJspHuUM 10 cepeauau 60-70-x pokis
XX cT., 1oKH 1151 30Ha OyJia JOCTaTHLO 3a0€e3-
revyeHa BOJIOTOIO BIIPOJIOBXK yChOTO BereTa-
L{ITHOTO TIepioLy POCJIMH, He GYJI0 TPOBEAEHO
MacitabHOl MeJiopaltii, 30KpeMa OCyIIeHHST
6OJOTUCTOT MICIIeBOCTI BHACIZOK YOTO TO-
PylIeHO BOIHMIT GasaHc yciei TepuTopii Ta

HeraTUBHI 3MIHU KJIIMATy 3arajioM He Tak BiJl-
YYTHO IPOSBJISIINCA B €KOCUCTEMI 3arajioM
i arpoGioleHo3i 30Kpema.

Onnak, yxe 3 80-x pokiB XX cT. Biguy-
BAIOTBCS HACJIJIKN HEeaJeKBaTHOTO aHTPOIIO-
TeHHOTO BTPYYaHHS B €KOJIOTIIO, SKi TOCUIIN-
JIUCS IPUPOJIHUM HECHPUATIUBUM BOJHO-
TeMIIEPaTyPHUM PEKUMOM I'PYHTOBO-3€MeJIb-
HUX PECypcCiB.

Bigroni na 11i mpoiiecu 3BepHYB yBary
TIPOBITHNI BUEHNIA, 3aBi/lyBay Bif|/li/Ty 3eMJie-
poberBa THCTUTYTY CLTBCHKOTO TOCTIOAPCTBA
Hevopnosemuoi 3001 YKpainu JOKTOP HayK
B.II. Ctpenpuenko, IKWi 1 3aKJIaB MEPIIi Mo-
JILOBI JIOCTTIIV 3 BUBYEHHST TPOOJIEM BOIHOT
Ta BITPOBOI epo3ii Ha JePHOBO-III30JUCTUX
rpynrax Ilomicca. Byno posnouarto 3emie-
POOCHKY TEeMATUKY 3 JTOCJI/IKEHHSI BILIUBY
TPAAUIINHUX arpOTeXHOJIOTiil BUPOITyBaH-
HS CIBO3MIHHUX KYJBTYP, 10 6a3yl0ThCS Ha
OpaHIli, HAa CTIUKICTh I'PYHTY 70 €pO3INHUX
MpoIleciB MOPIBHAHO 31 IPYHTO3aXUCHUMU
(6esnonuiesuil 06pobITKOM 3a JT0IOMOTOI0
JIMCKOBUX OOpiH, 4M3eIiB, IIOCKOPI3iB 1 iH.
3HapsAb HoAIOHOro TUIly). BHacaizok uporo
6yJI0 IOBEIEHO BUCOKY e(heKTUBHICTH TPYH-
TO3aXMCHUX arpoTeXHOJOTINI BUPOIYBaHHS
CIZTbCHKOTOCIIOIAPCHKUX KYJIBTYD Ha JEPHO-
Bo-Ti3o0mcTux rpynTax [omicest y morme-
Pe/sKeHHI BOJHO-ePO3iiHUX Ta eJIsIiiHIX
IIPOIIECiB Y 1[bOMY perioni [22; 23].

O/1HaK BUCHOBKU CTOCYBAJIMCS JIUILIE CiBO-
3MIHHUX KyJAbTYp. [lutanus pedadiiiianx
IIPOIIECiB HA XMeJIeHACA/PKEHHSX He BUBYAIIM-
cs1 noruHi. He3Baskaroun Ha Te, 10 TPaAMILiii-
Ha TEXHOJIOris BUPOLLyBaHHA Li€l KyJILTypU
nepeabavyae yrpuMaHHst IPYHTOBOI IIOBEPXHI
MIKPSIb XMeJeHacaKeHb i3 paHHbOI Bec-
HU 10 T3HBOI OCEHi y MOCTIHO BIIKPUTOMY
nedsaniiino HeGe3neyHoMy CTaHi BHACIIIOK
JINCKyBaHb Ta KyJbTuBaiiii. Tomy Hamu 3a-
MJIAHOBAHO JIOCTIANTH BILJITMB TPYHTO3aXUC-
HUX arpoOTeXHOJIOTi BUPONTYBaHHS XMeJIIO Ha
JIEPHOBO-TTI/I30JIUCTUX TPYHTAX HA CTIHKICTh
JI0 €0JIOBUX TPOIIECIB.

Anatizyroun iMOBIpHO-PO3paxyHKOBI BTpa-
TH TPYHTY B €0JIOBO HeGe3MeuHui mepios 3a
PI3HUX arpoTeXHOJIOTIH BUPOIIYBAHHS XMe-
JII0, MU CIIOCTEPITAaEMO, MO0 TPYHTO3AXUCHI
TEXHOJIOTI] BUPOIIYBaHHS XMeJIo, ki 6asy-
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I0ThCsT Ha 0e3II0IuIeBOMYy 0OpOGITKY Ta cu-
Jepaitii Miskpsiab Maike Ha 100% 3axuIaioTh
MMOBEPXHIO IPYHTY Bif nedusiii (mabn. 2).
Ha anasoriuni pesysbratu 1moji0 eexkTus-
HOCTI TPYHTO3aXUCHUX TEXHOJIOTIH, TiIIBKA
Ha ciBo3MiHHUX Kysabrypax [lomices Ykpai-
HU, BKA3y€ Y CBOIX HAYKOBUX poOoTax mpod.
B.II. Crpenbuenxo [17; 18].

TpaanttitiHi arpoTexXHOIoTii y HAlINX /10C-
JIJIXKEHHSIX B arpPOEKOCUCTeMi XMeJsieHaca-
JKeHb TUIbKHU 32 1 rog mumoBoi Oypi nmpusBo-
IATh 10 BTpatu 4,76—4,84 T/Ta BEpXHBOTO
POMIOYOTO APy, CTIUKICTh TPYHTO3aXUCHOTO
YTPUMAHHS MIZKDSIIb XMeJIeHACAKEHb O1JIbIII
ik y 36 pasiB Buma. IIpo HeoOXiAHICTD
bopmyBanHsa epo3iliHO CTINKOI CTPYKTYypHU
CITbCHKOTOCITOIAPCHKUX JIAaHAMA(TIB Ta iX
ajlanranii 10 3MiH KJiMaTy B yMOBax Cy4acHol
CLTbCHKOTOCIIOIAPCHKOI MTPAKTUKKU HATOJIO-
nrye akaj. O.I. Tapapiko [12].

Kpim toro, rpyHTO3axvcHUN 00POBGITOK
Ta cujiepallisi MiXKps/ib CIPUSE€ HAKOTTUYECH-
HIO OPTaHIYHOI PEYOBUHM Y BEPXHbOMY IIapi
TPYHTY, IO JIa€ 3MOTY 3aMiHUTHU IOPOTOBAP-
Ticui Tpaguniiini opraniymi goOpuBa Ta Ha
MEPCIIEKTUBY TOJIIIIIYE POAIOYICTD JIEPHOBO-
TTi/[30JIUCTOTO TPYHTY.

YposkaliHiCTh HIUIIOK XMEeJIIO B CePeIHbO-
MYy 32 TPU POKU TaKOK CBIYUTH IIPO Te€, 1110
TpaJnIliliHa TEXHOJOTisI BUPONyBaHHS TO-
PIBHAHO 3 BapiaHTaMU I'PYHTO3aXUCHOI ITPaK-
TUYHO He MaJla IepeBar 3 IPOyKTUBHOCTI
KYyJBTYPHU XMiJb. AKIO yposkail MMIIOK 3a
TPAJUIIITHOI TEXHOJIOT1] BUPOIIYBAHHS CATaB
1,63—1,72 T/ra, TO TPyHTO3aXNCHA TEXHOJIO-
rist BUPOIIYBaHHS peasizyBaa cebe B MexKax
1,53—1,67 1/ra mmmiok xmemo (maoa. 3). Cu-
Jlepallist MiXKps/b XMeJleHaCa/[PKeHb 11eJII01I -
KO-BIBCSTHOIO CYMITIKOIO JIajia 3MOTY OfiepKa-
TU TaKy caMy MPOAYKTUBHICTD HIUIIOK, 1O 1
BHECEHHS TTepernoio B Mexkax 40 T/ra pa3 Ha
JIBa POKH.

SIKIIO 1opiBHIOBATH 3 aOCOMIOTHUM KOHT-
posieM (BapiaHT 6e3 OGPUB), TO MU CIIOCTE-
piraemMo 3HaUYHY TiepeBary 3 ypo:KaiHOCTI SIK
TPAJUIINHOI arpOTeXHOJIOT], TaK i IPyHTO3a-
xucHoi. Tomy, epexkTBHE QYHKITIOHYBAaHHS
arpobioIeHO3y XMeJIeHACAKEHb MOKHA 3a-
6e3NeYnTH 3aCTOCYBAHHIAM HOBHUX €KOJIOTO-
Ge3MeYHNX TPYHTO3AXUCHUX arporpUioMiB,
siKi 6a3yI0ThCsT Ha YTPUMaHHI MiUKDSI/Ib i
CUJICPATBHUMHU KYJIbTYPaMU Ta BHECEHHSM
y TpyHT cymepabcopbenty Bosoru TepaBer.
Arpobiosoriuni cmocobu yTPUMAaHHSI TPYHTY

Tabsuis 2. IMOBIpHO-PO3PaXyHKOBI BTPATH IEPHOBO-MI30MCTOTO IPYHTY 32 Hedasuii
3a ekcnpec-meronaom A.B. JlaBposchkoro (2021-2023 pp.)

. . Bigxurenns Binxurenns
N Brparn Tp‘yHTy‘dd 1 rox Bij abc. Bi/l KOHTPOJIIO
3/; Bapianmy nociy HIJI0BOI Oypi, T/Ta KOHTPOMIO + +
2021 | 2022 | 2023 |cepenne| 1/ra | % | wma | %
{ 3T (6e3 1o6puB, YopHuii map) — 470 | 482 | 501 | 484 B B B B
aOCOIOTHUIA KOHTPOJIb ’ ’ ’ ’
o | ST (rniit 40 v/ra + NisoProoKiso, | g79 1 474 | 480 | 476 |-008] 16| — | —
YOPHUH Tap) — KOHTPOJIb ’ ’ ’ ’ ’ ’
3 %;;VTVE”S&Z;:H;IE%P 100Kis0 1 73 1 40 L 497 | 484 | 0 | 0 |o008]| 17
4 %gg‘g’t‘igﬁ*NﬂopmoKﬁ‘)* 043 | 048 | 020 | 017 |-467|-965|-459|-96,5
I'T (penpka omiiina +
5 | N O e, 8) 013 | 0,19 | 020 | 0,17 |-4,67|-965|-459|-96,5
1205 1001M140 ]
6 I{IT (ECHII%‘JIK‘I‘?STC;V‘V{?%?)I“I* 012 | 046 | 018 | 045 |-469|-969|-451|-968
120+ 1004\ 140 )
HIP,s 022|021 o3| — | = | — | = | =
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Tabauig 3. YposkaitHicts cyxux mmmok xmeo (2021-2023 pp.)

Binxunenns Bigxuienns
No YposxkalinicTs, T/Ta Bijt abc. Bi/l KOHTPOJTIO
o /-n Bapiantn nocainy KOHTPOJIIO + +
2021 | 2022 | 2023 |cepenme| 1/ma | % | 1 | %
1 3T (6es ,I[O6upI/IB, YopHUi map) — 051 | 062 | 047 | 053 B - - -
abCOTOTHUH KOHTPOJTH
o | 3T Crmiii 40 1/ra + NisoProoKuao, | 450 | 165 | 1,73 | 1,63 | 1,00 [ 207 | — | —
YOPHMUII TIap) — KOHTPOJIb
3 | 3T (it 40 v/ra + NisoProoKuso 1 4 64 | 176 | 180 | 1,72 | 119 | 224 | 0,09 | 5
Terawet 8r, wopHuii map)
g | LT Cripmmma+ NusoProoKuso * g 44 1 167 | 171 | 1,61 | 1,08 | 204 |-002] -1
Terawet, 8r)
I'T (penpka omiiina + _ _
5 Ni20P100K 140 + Terawet, 8t) 1,35 | 1,59 | 1,64 | 1,53 | 1,00 | 189 [-0,10 6
I'T (nemonko-BiBcsHa cyminn +
6 Ni2oP10oK 40 + Terawet, 81) 1,47 | 1,73 | 1,79 | 1,67 | 1,14 | 215 | 0,04 2
HIPs 0,16 | 0,11 | 0,09 — — — — —

JIAI0Th MOSKJIMBICTb 3MEHIINTH aHTPOIIOreHHE
HaBaHTaXEHHSI Ha €KOCHCTEMY XMIJIbHUKA,
MIATPUMYIOYN CTabLIbHY MPOLYKTUBHICTD,
IPUPOJHUI IIPOIIEC I'PYHTOBIIHOBJICHHS, 110-
nepepKaoTb AedIaiiiino HebesneyHi mpore-

Tabmuis 4. BMicT anbda-KucaoT

CH Ha JIETKUX JIEPHOBO-ITII30JMCTUX TPYHTAX, &
3 IPOJIYKTUBHOCTI OJIEPyKAHOT XMETIECUPOBUHI
HAOIMKAIOTHCS 10 TPAAULIIHOI TEXHOJIOTII.
Jlani mozio BMicTy ambha-KuCaoT y MnT-
Kax xMeJo (madn. 4) BKasyoTh Ha Te, 10 B

y mumkax xmemo (2021-2023 pp.)

Buicr o Bingxniennsa Bigxuienns
MICT a-KHUCJIOT, % (Ha 16 -
Ne ; : abCOTIOTHO CyXy PEYOBHHY ) BIAL a0C. BULKOHTPOIO
1/n Bapiantu gocJiixy KOHTPOJIIO £ +
2021 | 2022 | 2023 [cepenne| %t | % | % | %
1 3T (6es Z[O6UpI/IB, YOPHUH map) — 9.1 9.1 9.1 9.1 B - - -
abCOTIOTHUI KOHTPOJIb
g | 3T Cruiii 40 1/ra + NisoProoKuao, | g6 | g6 | 89 | 87 | -04| 44 | — | —
YOPHUII Iap) — KOHTPOJIb
g [T (miii 40 1/ra + NiooProoKuo + | g7 | g7 | 59 | 88 |[-03] 33 | 01 | 1.1
Terawet 8r, wopnwuii map)
4 | LT (ripamit + NiggProoKago + 89 | 89 | 91 | 90 | -01] 11 | 03 | 34
Terawet, 8r)
5 | LT (penvia oniiina + 90 | 90 | 91 | 90 | -01] 1.1 | 03 | 34
Ni20P100K140 + Terawet, 8r) ' ’ ' ' ’ ' ' '
I'T (memronko-BiBcsgHa cymitn + B
6 N 2P 100K 0 + Terawet, 8r) 9,0 9,0 9,1 9,0 0,1 ] 1,1 0,3 3,4
HIP; 0,18 | 0,18 | 0,19 - — - — —

Ipumimka: * — abCOMOTHUI TTIOKA3HUK.
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a0COMOTHUX BiICOTKAX HAWBUIIUH TTOKA3HUK
OTPUMAHO Ha I'PYHTO3aXMCHUX BapiaHTax i3
BUKOPHUCTAHHSIM TipYUIli, PeIbKN OJIIHHOI Ta
MEJIIOIKO-BIBCSHOI CYMIIIKU K CUEPAIbHI
kyasTrypu — 8,8-9,0% Ta Ha HeymobpeHOMY
dhoni — 9,1%.

3a TPAUIINHOT TEXHOJIOTii BUPOIIYBAHHS
XMEJTO SIKICHUT BMICT asib(a-KUCa0T y TUTI-
Kax MaB HaWHMKYMiT piBeHb — 8,7%.

BUCHOBKH

1. BcranoBiieHno, 1o B arpoeKocucTeMi
XMeJIelIaHTallil BU3HAYaJIbHUMU TTapaMeTpa-
MU TTPOTUAEDIAINHOI CTIHKOCTI TPYHTY €
CTYTIIHD TIOKPUTTS MIKPSIIb XMeJIeHaCaKeHb
CUIEPATIHUMHE KYJIBTYPaMU B €0JI0BO Hehes-
HIEYHUI 11epioJ] Ta 3BOJIOKEHHS IPYHTY, SKe
3HIIKYE TIOKA3HUKHM PYHHYBAaHHS BITPOCTIiH-
KMX arperaTis 10 eposiiiHo HeOe3IeYHuX po3-
MipiB — MeH1re 1 MMm. Y cepe/lHbOMY 32 TpU
POKH JTOCJI/I>KEHb iIMOBIpHO-PO3paxyHKOBI
BTPATHU IPYHTY Ha BapiaHTaX 3arajJbHOIPUIL-
HSTOI TEXHOJIOTII 32 PaxXyHOK eIl 10-
csaramu 4,76—4,84 T/Ta, IPyHTO3aXMCHI arpo-
TexHoJorii Mail:xe Ha 100% 3amobiraau mum
IIPOLECAM.

2. JTocJtiKeHo, 10 BHECEHHST cyTiepabcop-
Genty Tepaser OLIbII IPOLYKTUBHO CIIPUSLIO
HaKOITMYEHHIO BOJIOTH Y (ha3i IHTEHCUBHOTO
pocty sk y 0-20, tak i B 0—50 cm trapi rpys-
Ty. ITepeBara nopiBHsaHo 3 BapianTamu 6e3
3aCTOCYBaHHsI CymepabcopOEHTY CTaHOBUIIA
Ha OKpeMuX Bapiantax mo 46% y 0-50 cm
nrapi rpynTty. AHAJIOTIYHI pe3yJibTaTi MAaEMO

i B iepios1 hopMyBaHHS HIUIIKY Ta TEXHIYHOI
CTUTJIOCTI.

3. OTpuMaHO pe3yJbTaTH BPOKAWHOCTI
3eJIeHOI Macu CUIePaTbHUX KYJBTYP Y MiXK-
PALIAX XMeJIeHACQ/PKEHDb Y CepeJIHbOMY 3a
TPU POKM JIOCJI/KEHb, SIKI 3aCBiIYYIOTh, 110
HaWBUII MOKa3HUKU 3a(DiKCOBAHO B PEIBKU
omitinoi — 277 11/Ta, HaHWKYa BPOKAWHICTD
y TeJTIONTKO-BiBCsHOI cymimkn — 206 11/Ta.
OHak MMO3UTUBHUM € TOU (haKT, IO MEJTIONTKA
JIa€ MOKJTMBICTH 36araTuTH IPYHT a30TOM, He-
00XiHIM 11715t (DOPMYBAHHS BPOKAKO XMEJTHO.
Maca ripunui 6yJia Ha piBHi 244 11/Ta.

4. BcranoBJieHO, MO TpaanIliifHa TEXHO-
JIOTisl BUPOTILYBAHHS XMEJII0 MTOPIBHSHO 3 Ba-
piaHTaMu IPYHTO3aXUCHOI TPAKTUYHO He T1e-
peBaskasIa 3 IPOLYKTUBHOCTI KyJIBTYPH. K10
BPOJKall ITUIIOK 32 TPAAUIIINHOI TEXHOJIOTI1
BupoiyBanus cranosus 1,63—1,72 1/ra, To
I'PYHTO3aXMCHA TEXHOJIOTiS BUPOLLYBaHHSA
peasizyBaia cebe B Mexax 1,53—1,67 1/ra mm-
ok xmeJtio. Cuiepartist Miskpsi/ib XMeJieHaca-
JUKEHD IEeJTIONIKO-BIBCSHOIO CYMIIIIKOIO /lajia
3MOTY OJIepKATH TaKy caMy MPOAYKTUBHICTD
HIUIIOK, IO 1 BHECEHHS TIePErHoi0 B MexkKax
40 T/ra pa3 Ha 1Ba POKU. AKIIO TOpiBHIOBATH
3 aOCOIIOTHUM KOHTpoJIeM (BapianTt 6e3 100-
PHUB), TO MU CIIOCTEPIrAEMO 3HAYHY TIepeBary
3 YPOKAMHOCTI SIK TPAUIIIHOI arpoTeXHOIO-
rii, Tak 1 IPyHTO3aXUCHOL.

5. Y cepemHbOMY 3a TPU POKHU TIPIOPUTET
i3 HaKOIIMYeHHA alb(a-KUCIOT BUSBJICHO Ha
BapiaHTax I'PyHTO3aXMCHUX arpOTEXHOJIOTIH,
MOPIBHAHO 3 TPAAUIINIHOIO TPUPICT cATaB
0,3 a6COOTHUX BiJICOTKU.
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Y pobomi npoananizoeano pezysbmamu azpoximiuHo2o o6cmediceHHs 3eMenb CinbCbK020C-
noodapcvko2o NpU3HAYeHHs, W0 3a3HAlU enausy 6oiosux diil Ha mepumopii [3tomcbKo020,
Xapriscvkozo ma Yyayiecwkoeo p-nie Xapkiecvioi 06a. Ipynmu docaioncenux 0inaHok xapak-
mepusymscs BUCOKOK Ma cepedrbolo NPUPOOHOK POOKHICMI0, YACMUHA 3 HUX 8i0HeceHa 00
Kameeopii ocobaueo yinnux rpyemie Cmenogoi Jlisobepescroi nposinuyii. 3a pesyromamamu
npogedenux 0ocaiddicenb CMAHOBACHO icomHe NIO8UUIeHHS 8MICIY PYXOMUX CROAYK KAOMII0
6 rpyHmax obcmedxncenux 0insaHok y 3,2 paza nopieHano 3 dosoenHum pienem (0,05 me/xe).
IIpocmopoea Hepiernomipricmo po3nodiny enemenma 8i000paicae K iHmeHcusHicmos 60i0-
6ux 0ill, makx i 6NAU8 NOKANbHUX TPYHMOBUX 6AACIUBOCMEN HA MIeDAUII0 8ANCKUX MeMAanie.
Bemanoesaeno, wo ceped 16 o6cmedicenux JinsiHoK auuie 00Ha 3a CepeOHbO368ANCCHUM BMICIOM
pyxomux choayk kaomito (0,07 me/Ke) moxce 6ymu gidnecena 0o HezabpyoHnenux. Tpu dinanxu
maroms nomipHuil pieensv 3a6pyonenns (0,20 me/xe), a déanadysmo — caaobkuii (0, 14—
0,17 me/xe) pieens 3a6pyonents. Poznodin naowy 3a pieusimu 3a6pyonenus nokazae, uo 69, 1%
obcmediceHux 3ement XapaKkmepusymocs carabkum pienem, 24,0% — nomipuum, a 6,9% naouy
3AAUUAIOMbCS YMOBHO YUCMUMU, €3 8Us61eH020 3a0PYOHeHH S PYXOMUMU CHOAYKAMU KAOMITO.
llepesuwenns epanuuno donycmumoi konyenmpauii (0,7 me/ke) ne 3agikcoeano, ujo ceio-
4yms NPo 8iIOHOCHO Oe3neuHuUll pideHb 3a0pyOHeHHS Ma 8I0CYMHICMb eK0A02TYH020 PUSUKY 045
n00anvuio2o cinbcbkoeocnodapcbkoeo sukopucmanna. lIpocmopoea neoonopionicme emicmy
Kaomiro 8Kazye Ha NOKAAbHUU XapaKkmep 1020 HAKONUYEeHHsl, 3YMOBACHUL BNAUGOM MEXHO-
2enHux dxcepen. OCHOBHUMU YUHHUKAMU UbO2O 8NAUBY € 8e0eHHS AKMUBHUX 00U08UX Jiil —
demoHauis boenpunacie, 3e0psaHHs GIICbKOBOT MEXHIKU, PYIUHYBAHHS IHICEHEPHUX Cnopy0 ma
NPOMUCA08UX 00 €KMIB, Y KOHCIMPYKUIIHUX MAMepianax aKux UKOPUCmMosyrmscs Kaomiesi
cnaagu ma 3axucHi nokpumms. Xoua nomoyHuil pieens 3a0pyOHeHHs He CMAaH08UMb 6e3n0-
cepedHboi ekonoeiunoi 3aeposu, pesyrbmamu 00CAi0NCeHb NIOKPecaoms HeoOXiOHicmb npo-
8€0eHHs1 CUCMEMHO20 MOHIMOPUHEY 045 8i0cmediceHHs OUHAMIKU Miepayii kadmiro y uaci ma
npoCMoposUX Macuimadax, ocooaueo 8 paoHax 3 A0OKANbHUMU 0cepedKamu 3a0pyOHeHHS.

Karouosi caoea: acpoximiune obcmediceHHs, epaHu4HO OONYCMUMA KOHUEHMpPayis, TpyHm,
MinimapHi 0ii, MOHIMOpUHe, piéeHb 3a0pYOHEHHS.

BCTVYII

Kaamiii — 11e Baskkmii Merast i3 BHCOKOIO
TOKCUYHICTIO Ta TPUBAJINM T1€Pi0/IOM HaIliB-
BUBE/ICHHS 3 OPTaHi3MY JIIOAWHU, IKU MOXKe
CTAHOBUTH BiJl KiJIBKOX POKIB JI0 IECSTUIIITh.
OCHOBHUMU aHTPOINOTEHHUMHU JIJKepeaMu

© P.II. TTanamapuyk, O.M. I'pumenko, K0.M. fAnenro,
B.M. Heunraiino, O.B. Minenxo, 2025

3a0pyaHeHHs KaamieM € BUIOOYTOK 1 30ara-
YEHHsI Py/I, METaIypriiHe BUPOOHUIITBO, 3a-
CTOCYBAaHHS MiHEPAJIBHUX JIOOPHB Y CLIBCHKO-
My rocrozapctsi (ocobauso docopHux) i
MIPOMUCJIOBI BUKUHN. 3 OTJIS/y Ha 3/IaTHICTh
110 6iOTeOXIMIYHOTO TTePEHECEHHS Y JTAHTIIOTY
IPYHT — pOCJMHA — JIIOJIMHA, KaaMill cTa-
HOBUTDb 3HAYHY 3arpo3y J/UId IIPOJ0BOJIBYO]
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Gesmexu Ta 300poB’s1 Hacenenns [1]. 3okpema,
Cd Hakommuy€eThest B KOPTUKAIBHOMY TIapi
HUPOK i CIIPUYNHSE He(PPOTOKCUUHICTD, IeMi-
HepaJi3alliio KicTKOBOI TKAaHUHU Ta ITi/IBUIILYE
PUBHK CEPIIEBO-CYIMHHUX 3aXBOPIOBAHD, a 32
JIOBTOTPUBAJIOTO BILJTUBY TIPOSIBJISIE TTOTEHITI-
HYy KaHIleporeHHicTh [2].

Biogoctynuicre Cd y rpyHTax BU3Ha-
YaeThest piBHeM pH, BMicTOM opraHigHOI pevo-
BUHU, OKUCHO-BI/J[HOBHUMH YMOBAaMH Ta KOH-
IeHTpaIli€elo KOHKYpeHTHUX ioHiB (Zn, Ca).
VY xuenux rpyHTax Kaamiit mepedyBae y Gimpi
pyXoMiii hopMi Ta Jieriie 3aCBOIOETHCS KO-
PEHEBOIO CUCTEMOIO POCJIUH, 110 HiJABUIILYE
PU3UK HOTO HAKOTMMYECHHS Y 3¢PHOBUX 1 OBO-
4eBUX KyJbrypax [3].

OCHOBHUMU NIIAXaMU HA/IXO/KEHHS KaJl-
mito (Cd) 710 opra#ismy JIOMHY € XapUOBHiT —
yepe3 CHOKMBAHHSA TPOJYKTIB, OTPUMAHUX
i3 3a6py/IHEHNX 3ePHOBUX KYJIBTYD, KOpPEHE-
IJIO/IB, JINCTOBUX OBOUYIB, a TAKOK M’ ICO-MO-
JIOUHUX TIPOIYKTIB Y pasi 3acMiyeHHs CiHOKaA-
Tel 1 TaCOBUIIL T IHTAIAIIIMHUI — BHACJIIIIOK
B/INXAHHS TTUJTY, TPOMUCJIOBUX BUKHU/IIB 1 TIO-
TIOHOBOTO UMYy [4; 5]. CyKyIiHa fist 1UX YnH-
HUKIB 3yMOBJIIOE BUCOKUI TOKCUKOJIOTTUHUN
PU3UK KaMiTo, TII0 BU3HAYAE HOTO K OJIUH i3
MIPIOPUTETHUX €JIEMEHTIB eKOTOKCUKOJIOTIYHO-
'O MOHITOPUHTI'Y JOBKIJUIS Ta KJIIOUOBUI 06’ €KT
1151 (DOPMYBaAHHST HAYKOBO OO PYHTOBAHOT 110~
JITUKHU Y chepi TPOMAJICBKOTO 3/10POB’SI.

3 MOYaTKOM POCIHICHbKOTO BTOPTHEHHS Ha
TEPUTOPit0 YKpalHu 3pociia HehesmeKa Mexa-
HIYHOI, XiMiuHO1 Ta (hi3nvHOI Jerpajarii rpyH-
TiB yHac1i0k 60iioBuX Aiit. PiBHi 3a0pyaHeH-
HS TPYHTIB BAKKMMU METAJIAMHU Y TAKUX 30HAX
4acTO MePeBUNIYIOTh CaHiTapHO-Tiri€eHiuHi
HOPMH, /IO TOTO K HAWBWIII KOHIIEHTPAIlil
criocrepiratotbest st Pb, Zn ta Cd [6].

Mera i 3aBJaHHA JOCTIAKEeHHS — BU3HA-
YUTH BIUIMB GOMOBKX Aill Ha piBeHb 3a0py -
HEHHSI 3€MeJIb CiJIbChKOTOCIIOIAPCHKOTO TTPH-
3HAYEHHS KaJIMIEM Ta OI[IHUTU MOKJINBICTD 1X
HOJIQJIBIIOTO BUKOPUCTAHHS /111 BUPOILYBaH-
HS TOJTBOBUX KYJIBTYP.

AHAJII3 OCTAHHIX TOCII/IXKEHb
I TIYBJIIKALIIN

KazMmiil BXoguTh 110 CKaaxy 6araTboX Tex-
HIYHMX MaTepiasiB i KOMIOHEHTIB Ooenpuna-

ciB, ToMy 6OIOBI /ii MOXKYTb CHPHUITH KOTO
JIOKaJIi3allii B TPyHTI, TMiBUNIYIOUYN €KOJIO-
TiYHI PU3UKH IS arPOEKOCUCTEM 1 TTPOI0-
BOJIbYOI Oesmeku [7].

OCHOBHI MexaHi3MU MOCUJIeHHSI 3a0pyiI-
HEHHS BKJOYAIOTH: MEXaHiuHe PYHHYBaHHS
(xpaTepu, BODOHKU) 3 BUBIJIbHEHHSM MeTa-
JIiB; aepOTeHHe MTepeHeCceHHsT MUY Ta YaCTOK
i3 y7maMKiB TexHiku [8]; pyiHyBaHHS TiIpo-
TEeXHIYHUX CIIOPY/]L i TIOBTOPHE 3aJly4aHHS Y
KPyroo0ir JOHHMX BiAKjIaiiB, 36araueHux
paskkuMu Metanamu [9]. [pynTn y 3oHax 60-
HOBUX Aill MOKYTb 3a6PyAHIOBATUCS KaAMIEM
i3 MMPOYKTiB KOPO3ii, MeTAJIIB, 3ropijinx Ma-
Tepiasis i yaamMkiB 6oenpuracis. [le miarsep-
JUKYIOTD TOCJ/IZKEHHS TPYHTIB IMiCJISIBOEHHUX
koHuikTiB B Ipaky, Kyseiiti tTa YkpaiHi.

Tak, R. Hamad, H. Balzter ra K. Kolo
[10], mocaigusium 3abpynHents rpynTis Ha-
mioHanbHOTO TIapKy Xanrypa-Cakpan (Kyp-
mqucrat, Ipak) Baxkumu Meraigamu (Cu, Pb,
7Zn, Ni, Co Ta Mn) micJigt po3amMinyBaHHs TepPU-
TOPIii KOHTPOJILOBAHUMHK BHOYXaMH, BCTaHO-
BUJIH, 1[0 PiBHI 3a0pyIHEHHST BapitOOTh Bij
JIy>Ke BUCOKUX JIO TIOMipHUX. ABTOpU JIIATILIN
BUCHOBKY, MO /IETOHAIlis MiH CHIPUYMHUIA
HAKOMMYEHH 3aJULIKIB BaXXKUX MeTasliB y
IPYHTI, HeOE3MEYHKX /It POCIUHHOCTI, TBa-
PVH 1 JTIOAWHU.

T. Hussain Ta M.A. Gondal [11] noseunn,
o micsis Bittnm y Ilepebkiit 3atomi 1990-x
poxiB Ha brmaskomy Cxojii criocTepiraetTbes
3HAYHE PO3MOBCIOKEHHS BAKKUX METAJIB
(mo 60 kM) yepe3 BumagaHHg aTMOChEPHUX
OTI/IIB i3 XMap, YTBOPEHUX T1i/1 yac HahTOBUX
noxexx y KyseiiTi.

3a nanumu /JlepxxaBHoi yctanoBu «lucru-
TYT OXOPOHM I'PYHTIB YKpaiHu», y 30Hax 60-
ftoBux f1itt CymMchKoro Ta OXTHUPCHKOTO P-HiB
CyMCBKOI 00J1. BUSIBJIEHO [IEPEBUIIEHHS BMIC-
Ty KaaMmito y 1,4 paza mopiBHIHO 3 (hoHOBUMHA
3HaueHHsIMHT [12].

O. Bonchkovskyi ta crmisasr. [13] BcTa-
HOBWJIM, 10 BCi mpo6u rpyHTIiB, BigiOpaHi
3 BUPB MicJjist BUOYXiB, MICTUJIM MiABUIIEHI
KOHIIEHTpaIlii Ba)KKUX MeTasiB, 30kpema C,
Cu, Pb Ta Zn. Oanak ixuiil BMicT nepeBaxk-
HO TIepPeBUILYBaB (POHOBI 3HAYCHHS JIUIIIE Y
1,1-1,5 pasa, 1110 He BUXOIUTH 32 MEXi rpa-
HuuHO jorryctumnx Kouientpaiiii (I'/IK) B
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Ykpaini. Bognouac miciis maginas reikon-
TepiB i pakeT JIEMOHCTPYBAIN KPUTHYHI PiBHI
3a0pyIHEHHSL.

M. Solokha Ta criBasr. [14] BusBum miza-
BUIIIEHHS BMICTY Ba)KKUX METAJIB Y I'PYHTaX
XapkiBChKOT 06T, Y MICISIX PO3TAITyBaHHS 3a-
JIMIITKIB BIIChKOBOI TexHiKu npoTsirom 2023 —
2024 pp. 3okpema, B 2023 p. BMICT CIIOJYK
KaJMil0 B OKPEMHUX 3Pa3Kax I'PYHTY MEPEBU-
mysaB [/IK y 8,5 pasa, a Bxxe B 2024 p. —
y 9,77 paza. Taka HeraTUBHA [WHAMIKA 3Y-
MOBJIEHA MITPaIli€lo KaJMilo y TPYHTOBOMY
rpodiJii BHACIIZIOK BUMUBAHHS HOT0O CIIOJIYK
TAJMMU Ta JJOIIOBUMHU BOJIAMHU, 1110 CIIPUSIE IX
MOTNUPEHHIO 32 MeXXi TIePBUHHUX OCEPEe/IKiB
3a0pyAHEHHS.

OTtixe, JUIST OIIHKY HOTEHIIINHUX €KOJIO-
TYHIX PU3WUKIB, TIOB'SI3aHNX 13 3a0DYAHEHHIM
IDYHTIB KaMieM y 30Hax 6OHOBUX [iii, HE0O-
XiJlHe cucTeMHe ITPOBe/IeHHS MOHITOPMHIOBUX
JOCJIJPKEeHb arpoXiMiuyHOro cTaly IPyHTOBOIO
MTOKPUBY.

MATEPIAJIN TA METOAN
JOCIIIXKEHD

JlocaiskeHHS BUKOHAHO BiJIIOBIHO 110
0TOBOPY 3 MiHiCTEPCTBOM OCBITH 1 HAyKHN
Yrpainnu /13 / 168-2025 Big 12.02.2025 «Bus-
YeHHs arpoXiMiuHOIo CTaHy Ta BIUIUBY O0IHO-
BUX /il HA 3eMJIAX CLTBChKOTOCTIONIAPCHKOTO
NpU3HAYEHHs /75 3a6e3IIeUeHHs CTAJIOTO ar-
POBUPOGHUIITBAS.

O6’exrom gociigxkenb O6yan 318 mpob
[PYHTY, BigibpaHux i3 16 3eMenbHUX ijs-
HOK 3arajbHoIo monieo 1389,3181 ra, mo
3a3HaJIM BIUIMBY OOMOBUX /il HA TEPUTOPIi
[3tomcbkoro, XapkiBebkoro Ta HyryiBebKOTO
p-tiB XapkiBcbkoi 0641, (mabn. 1).

Y mab6a. 2 naBeneno pesyiabsratu dikcanii
HACJIiAKIB GOMOBUX /il HA JOCIIIKYBaHUX Te-
PUTOPISIX, BUSABJIEHNUX 3eMJIEBJIACHUKAMMU ITiC-
JIS BIIXO/TY POCIHICBKUX OKYTAI[iHHUX BilICDK.

[pyHTH IOCTIIKYBaHUX MiTAHOK Xapak-
TEPU3YIOTHCS BUCOKOIO Ta CEPEIHBOIO TTPH-
poaHoio posrodicTio. Okpemi 3 Hux (53e, S41,
54e, 58¢) Hasexkarb 10 0COOJIMBO LIHHUX
rpyuTiB CremnoBoi JIiBobepeskHOT MpOBiHIILii
(maban. 3).

Jlist migBUIIIEHHSI TOYHOCTI OIIHIOBAHHSI
arpoxiMiuyHOIo CTaHy I'PyHTOBOIO IOKPUBY 3aC-
TOCOBAHO JIETaJIi30BaHy cxeMy Bigoopy 1po0d.
3eMeJIbHI MacHBU TTOIJISLTH Ha eJleMeHTapHi
JMIIAHKY IUIOMIECIO JI0 5 T4, 110 iCTOTHO MEHIIE
MTOPiBHSHO 31 CTAaHAAPTHOIO MIIJIBHICTIO CITKU
ITi/T 9ac arpoxXiMigHoi macrmopTusaiii. Takmit
Ti/IXi/1 326€31eUy€E BUIILY TPOCTOPOBY PO3ILITb-
HY 3/IaTHICTD, Ja€ 3MOTY TOYHIIlle JIOKATi3y-
BaTH ocepeaku 3abpyaHeHHs abo perpaia-
il 'pyHTIB i hopmMyBaTn HayKOBO OOTPYH-
TOBaHI peKOMEH/AIlil M0/0 1X MOJAIbIIOTO
BUKOPHUCTAHHSI.

Bin6ip mpob rpyHTY 3HiIiICHIOBAI Bi/ITO-
Bizao o sumor JACTY 4287:2004 «SxicTb
rpyHTy. Bigbupanusa npob», i3 sacTocyBaH-

Tabuuig 1. Micust BinGopy npo6 rpyHry Ha Teputopii XapKiBcbKoi 00.1.

Ne pinsankn

Miciie BinGopy

1 ¢. Muxomaika Ockinbebkoi TT [3tomebkoro p-my
2,3 c. Pigne bapsinkiscskoi TT Istomcpkoro p-Hy
4,5,6 c-mte Poranb Porancbkoi cenurinoi rpomaji XapKiBCbKOTO P-HY
6,7 c-me JokyuaeBcbke Porancekoi TT XapkiBcbkoro p-ny
8 c. bpuragupiska Istomcskoi TT I3tomcpkoTO pationy
9 c-ue Manuuniska Manunisebkoi TT' Uyryiscbkoro p-ny
10 c-nte I'pakose Ykasnosebkoi TT [3tomcbkoro p-uy
11,12 c. Kammmroniska Ockinbebkoi TT [3tomcbkoro p-my
13 c. Onexcanpnpiska Kynbescokoi TT Isiomcbkoro p-uy
14 c. JleBkiBka Istomcpkoi TT Isromcbkoro p-uy
15 c. [Tonsna Kynbesebkoi TT I3iomcbkoro p-ny
16 c. Komapiska Ockinbepkoi TT Istomcpkoro p-uy
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Tabauisa 2. [Tadi mpo yIIKO/KEHHs TEPUTOPii BHACTIOK BeIeHHsT O0HOBUX it

Ne pisistHKI IHdopmartis npo MisitapHuii BIUB

MiHyBaHHsI, apTHJIEePIAChKI Ta MIHOMETHI OGCTPIJIM, Y TOMY YKCJIi KacCeTHUMMU GOENpH-
1 acamu, IepecyBaHHs BiiicbKOBOI TeXHIKU. BUsiBIIeHO 3HAUHY KilIbKICTh BUPB 3aBIIO-
mku 40—50 cm ta giamerpom 10 1,5 M

MinyBaHHs, apTHJIEPiiChbKi Ta MiHOMETHI 0O6CTPijN, TIepecyBaHHs BiiCHKOBOI TEXHi-
9 xu. Bustsiieno 16 sups 3asraun6mkn 1,0—1,5 M Ta giamerpom 3—4 M, hopTudikariiii
CIIOPY/IH, CJIIJIU MOKEK, PO3AMBU HADTONPOLYKTIB, 3HUIIIEHY TEXHIKY Ta 6J13bKO 760
MPOTUTAHKOBUX MiH i KaceTHUX GOETPUTIAciB

MinyBamHHs, apTUaepiificbKi Ta MiHOMETHI 0OCTPIJIN, AeTOHAIST TPOTUTAHKOBUX MiH,
3 nepecyBaHHs BiiicbkoBoi TexHiku. Bussieno 10 Bups sasraubmku 1,0-1,5 M ta
niameTpoM 3 M, doprudikariiitii criopy/au, CJiu MoKex, PO3JUBU HADTOIPOLYKTIB,
3HUILEHY TeXHIKy Ta 61n3bko 300 IPOTUTAHKOBUX MiH i KaceTHUX GOEnpuIacis

4 Aprusepiiicbki Ta MiHOMeTHI 06CTpinn. BusiBiieHo He3HAYHY KilbKICTh BUPB 3aBIIING-
Ky 10 1 M, 3aumiku GOEnpuUIacis, 30kpeMa KaceTHi ta ix Hocii

MinyBaHHsl, apTUaepilichbki Ta MiHOMETHI 06CTpiaKn, BUOYXM i 4ac AeToHallii MiH
5 i PO3TSIKOK, TIepecyBaHHS BilIChKOBOI TeXHIKW. BUSABIEHO cin TOKeXK, PO3TUBHI
Ha(pTOIPOIYKTIB

MiHyBaHHs1, apTUJIEPIiiichbKi Ta MiHOMETHI 06CTPLIN, NepecyBaHHs BiliCbKOBOI TeXHi-
6 k1. BusiBiieHo ymcieHHi moBepxXHeBi MONIKOKeH s, 1 BUpBY 3aBraubmikn 0,5 M Ta
aMeTpoM 5 M, 3TTUITKN (GOpTHGDIKAIIITHUX CTTIOPYI, TN TOKEK, 3HAUHY KiTbKiCTh
OCKOJIKIB

MiHyBaHHsl, apTUIepiiichbKi Ta MiIHOMETHI 00CTPiN, IepecyBaHHsI BIHCbKOBOI TEXHIKH.
7 BusBiieno uuciieHHl HoBepXHEBi MOMIKOIKeHHs, 3 BupBy 3aBrmbimku 0,7 M Ta mia-
MerpoM 6siu3bko 10 M, 3ajmiku GopTudiKaiiiHuX Cropy/, CJIiIH MOKeXK, SHUIEHY
TEXHIKY Ta 3HaUYHY KiJIbKiCTh OCKOJIKIB

3 ApTuiepiiicbKi Ta MiHOMETHI 06CTPIiJIH, TIepecyBaHHs BIiChKOBOI TexHiKkU. BusBierno
OJIiH/IAK] Ta OKOIIU, CJILJIN TTOKEsK

MiHyBaHHs1, aBialliiiti, apTisiepiiicbki Ta MiHOMeTHI 0GCTPIJIN, IepeCcyBaHHs BICbKOBOT
9 TexHiKu. BUsiBjIeHO YncIieHH] TTOBEPXHEBI TIOMIKO/KEHHS, 5 BUPB 3aBriuOmiky Big 0,5
1o 1 M Ta giamerpom 6;13bK0 1,5 M, 3HAYHY KiJIbKICTh OOCIPUITACIB Ta iX 3aIUIIKIB

MinyBanHs, pakeTHi, apTUIepiiicbKi Ta MiHOMETHI 00CTPiJIH, TepecyBaHHs BiiCbKOBOT
10 texHiku. BusiBsieno 7 sups 3aBriubiiku 0,5-1,0 M Ta 3aBumpuiku 1-1,5 M, 3HauHy
KiJIBKiCTh Go€enpuIacin

PakerHi, apTuiepiiicbki Ta MiHOMETHI 00CTpi/IM, IepecyBaHHsI BIliCbKOBOI TEXHIKH.
11,12 Busasiieno supsu sasrimbiku 10 1 M i sapumpiuku 1,5 M, samumiku 36poi Ta Goenpu-
nacis

O6c¢Tpinm, nepecyBaHHs BiiiCbKOBOT TexHiKKM. BusiBIeHO 3HaYHy KiJBKICTh BUPB Bi/
13 KaceTHUX Ooenpunacis 3aprarOmkn 6;a1u3bKo 0,5 M i 3aBIMpiKy 1,5 M, 3a/MIIKu 36poi
Ta GoenpuIacis, 30KkpemMa (pparMeHTH paker

PaketHi, apTuiepiiicbki Ta MiHOMETHI 00CTpLJIM, epeCcyBaHHs BiliCbKOBOI TEXHIKU.
14 BusBiieHo KanoHipu, CIin HOKEK, BEJUKY KiJIbKICTh BUPBU 3aBIIUOIIKU 10 1,5 M i
3aBUIMPIIKY 10 2 M, 3aJIUIIKK 30poi Ta 6oenpuIacis, GparMenTH pakeT

PakerHi, apTuiepiiicbki Ta MiHOMETHI 00CTpiJIM, llepecyBaHHs BiliCbKOBOI TeXHIKU.
15 Bussieno 5 sups sasrambuiku 10 0,8 M i 3aBumpinku go 1,5 M, 3agummku 36poi Ta
Goenpuriacis, (hparMeHTH paKeT

PakerHi, aprusepiiicbki Ta MiHOMETHI 00CTpiJIM, NlepecyBaHHs BIiliCbKOBOI TeXHIKH.
16 Bussaeno 10 Bups sasraubmku 1o 0,5 M i 3aBmmpuiku 10 1,5 M, 3aauiku 36poi Ta
Goenpuracis, (pparMeHTH paKeT
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Tabuuiist 3. ArpoBHPOOHHYI TPYIH IPYHTIB HA 00CTEIKEHUX AUISTHKAX

Ne pinsaHkn

ITucp Ta HA3Ba arpoBUPOOGHIUOI FPYTIH

58e — 4opHO3eMU 3BUYAliHI cepeIHbOrYMYCHI IIMOOK] BaKKOCYTJIMHKOBI 1 JIErKOTJIH-
Hucti (0co6aueo uinni rpynmu), 65¢ — YOpHO3eMU 3BMYANHI CJTaG03MUTI BaKKOCY -
TJIMHKOBI 1 JIETKOTJIMHUCTI, 67€ — YopHO3eMM 3BUYaliHi CUIIbHO3MUTI BaXKKOCYTITMHKOBI
i JIETKOTJINHUCTI

58e — "opHO3eMU 3BUYAHI CepelHbOryMyCHI TINOOKI BaXKKOCYTJIMHKOBI 1 JIETKO-
riHUCTI (0c00UB0 YinHi TpyHmu), 65€ — YOpHO3EeMU 3BUUANHI CIA003MUTI BAsKKO-
CYTJIMHKOBI 1 JIeTKOTJIMHKCTI, 66€ — yopHO3eMHU 3BUYAliHI Cepe/IHhO3MUTI BAsKKOCY -
TJIMHKOBI 1 JIETKOTJIMHICTI

58e — YopHO3eMU 3BUYALIHI CePeIHLOIYMYCHI IIMOOK] BasKKOCYTJIMHKOBI 1 JIETKOTJIN-
nucri (oco6ueo yinni rpynmu), 66e — 4opHO3eMU 3BUYAINHI CEPEAHBOZMUTI BakKKO-
CYTJIMHKOBI 1 JIETKOTJIMHUCTI

54e — 4OpHO3eMU TUIIOBI CEePEAHbOrYMYCHI BASKKOCYTTIMHKOBI (0COOIU60 YitHi TPYH-
mu), 53¢ — YOPHO3EMU THIIOBI i YOPHO3EMU CUIIbHOPErPaIoBaHi c1ab03MUTI BasKKO-
CYTJIMHKOBI 1 JIeTKOTJIMHKUCTI, d6€ — YOpHO3eMM TUIIOBI i JIEPKOTJIMHUCTI 1 YOpHO3eMU
CUJIbHOPETPAIOBaHi CePeIHbO3MUTI BAKKOCYTJIMHKOBI

49e — TeMHO-Cipi OMi/I307€H] i perpazioBaHi TPYHTH Ta YOPHO3E€MHU OITiI30JIeHi i perpao-
BaHi c1a003MUTI Ba)KKOCYTJIMHKOBI, 941 — YOPHO3eMU TUIIOBI CEPEAHbOIYMYCHI cepes-
HBOCYIJIMHKOBI (0C06.1U60 Witni Ipynmu), S4€e — 4OpHO3eMU TUIIOBI CEPEAHbOIYMYCHI
BaKKOCYIJIMHKOBI (0C00AU60 uinmi rpynwmu), 53¢ — 4OPHO3eMU TUIIOBI 1 YOpHO3eMU
CUJTLHOPETPaioBaHi CJIab03MUTI BasKKOCYTJIMHKOBI 1 JIETKOTJTITHUCTI

6,7

54e — 4OpHO3eMU THUIOBI CepeIHbOIYMYCHI BaKKOCYIJIMHKOBI (0C00AU80 UiHHI TpYH-
mu), 53¢ — YOPHO3EMHU THIIOBI | YOPHO3EMU CUJIbHOPErPaIoBaHi c1ab03MUTI BasKKO-
CYTJIMHKOBI 1 JIETKOTJIMHUCTI, d6€ — YOPHO3eMH THTIOBI 1 JIETKOTJIMHUCTI i 40pHO3EMHU
CUJIBHOPETPAZIOBaHi cepeTHbO3MUTI BAsKKOCYTJIMHKOBI

58e — uopHO3eMu 3BUYAITHI CePeIHbOrYMYCHI IIIMOOKI BasKKOCYTJIMHKOBI 1 JIerKO-
riHUCTI (0C00UB0 YinHI IpyHmu), 65€ — YOpHO3EeMU 3BUUYANHI CJIA003MUTI BasKKO-
CYTJIMHKOBI 1 JIETKOIJINHUCTI, 66€ — uyopHO3eMu 3BUYAilHI cepefiHbO3MUTI BasKKO-
CYTJIMHKOBI i JIETKOTJIMHUCTI, 89€ — yopHO3eMU CepeIHbO- i CUJIbHOCOJIOHITIOBATI HA
HIABHUX TJIMHAX CIa003MUTI BasKKOCYTJIMHKOBI, 215€ — PO3MUTI BaKKOCYTIIMHKOBI
1 JICTKOTJIMHUCTI TPYHTH 1 BIIXOM PUXJINX JIECOBUTHUX TTOPI/]

55€e — YOPHO3eMU TUIIOBI 1 YOPHO3EMU CUIILHOPErPaI0BaHi C1ab03MUTI BaKKOCYTJIMH-
KOBI i JIEPKOTJIMHUCTI, 33€ — YOPHO3eMU TUIIOBI MAJIOTYMYCHi Ta Y4OPHO3EMHU CHJIbHO-
perpajoBati BayKKOCYTJIMHKOBI (0C00aU60 uinni rpynmu), S4e — 4OpHO3EeMH TUITOBI
CepeIHbOryYMYCHI BaKKOCYTJIMHKOBI (0CO0AU60 Wit TyHmMU)

10

53e — YOpHO3eMH THIIOBI MAJOTYMYCHI Ta YOPHO3EMH CUJIBHOPErPa0BaHI BaKKO-
CyrIMHKOBI (0C06.1U60 Uinmi rpynmu)

11

58e¢ — yopHO3eMu 3BUYALTHI CepeHbOryMYCHI IIIMOOKI BasKKOCYTJIMHKOBI 1 JIerKO-
riHUCTI (0c00UB0 YinHi TpyHmu), 65€ — 4OpHO3EMU 3BUUAHI CIa003MUTI BasKKO-
CYTJIMHKOBI 1 JIETKOTJTMHUCTI

12

58e — uopHO3eMu 3BUYALTHI CePeIHbOrYMYCHI IIIMOOKI BasKKOCYTJIMHKOBI 1 JIerKO-
riuHUCTI (0C00UB0 YinHI IpyHmu), 65€ — YOpHO3EeMU 3BUUANHI CJIA003MUTI BAsKKO-
CYTJIMHKOBI 1 JIETKOTJIMHUCTI, 67€ — YopHO3eMU 3BUYAliHI CUIIBHO3MUTI BAsKKOCYTJIMH-
KOBI 1 JIETKOTJIMHUCTI

13

58e — yopHO3eMU 3BUYANHI cepeaHbOTYMYCHI TIMOOKI BasKKOCYTJIMHKOBI 1 JIerKo-
ranaucTi (0codauso yinni rpynmu), 65¢ — 4opHo3eMu 3BUYAIHI C1aGO3MUTI BaXKKO-
CYTJIMHKOBI 1 JIETKOTJIMHUCT1

14

65e¢ — yopHO3eMH 3BMYAliHi c1Tab03MUTI BA)KKOCYTIIMHKOBI 1 JIETKOTJIHHHCTI

15,16

65e — yopHO3eMHU 3BUYAIHI €JTaGO3MUTI BAsKKOCYTJIMHKOBI 1 JierkorauHucti, 58e —
YOPHO3eMU 3BUYANHI CepesHbOTYMYCHI IMIMOOKI BaKKOCYTJIIMHKOBI i JIETKOTJIMHUCTI
(0cobaueo uinui rpynmu)
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HsiM cyvacHoro GPS-o6uagnanus mist dik-
caiiii KoopauHat To4oK Binbopy. [Tpobu Bia-
6upanu 3 optoro tmapy (0-30 cm), axuii €
pernpe3eHTaTUBHUM JIJI OLIIHKY TEXHOTeH-
HOTO 3a0pYAHEHHS, OCKIIBKU caMe B IbOMY
TOPU30HTI 30CEPe/KYIOThCST OCHOBHI TIPOTIeCcH
AKyMYJISIT PyXOoMUX (hOpM BaXKKUX METaJIiB
i BigOyBa€eThCs iXHiil KOHTAKT i3 KOPEHEBUMMU
CUCTEMaMU POCJIVH.

JlabopaTopHmii aHAI3 IPOBOAIN B aTec-
toBaniit saboparopii ITiBHIYHO-CXIZHOTO
MizkperioHagbHOTO TIeHTPY /1Y «/lepkrpyHT-
0XOpoHay, ceprudikoBaHiil BiIMIOBIIHO /10
sumor JICTY ISO 10012:2025. Busnauenusa
BMICTY PYXOMUX CIIOJIYK KaJMilo y IPyHTax
BUKOHYBAJIU 3TiJTHO 3 YUHHUM HOPMATHUBHO-
MetoanaHuM pokymentom J[CTY 4770.3:
2007 [15].

OI11iHKY eK0JIOTO-TOKCUKOJIOTTYHOTO CTaHy
I'PYHTIB 32 BMICTOM PYXOMUX CIIOJIYK Kajl-
MifO Ta BU3SHAYEHHS TTPUIATHOCTI 3eMeJIbHIX
JJISTHOK JIJISI BUPOITYBAaHHS CiJIbChbKOTOCIIO-
JIAPCBKUX KYJIBTYP BUKOHYBAJIH LIJISIXOM 110-
PiBHSHHS (DaKTUIHUX KOHIIEHTpAILill i3 1mo-
KazHukKamu jloBoernoro nepioxay, ['/IK Biz-
MOBIZTHO 710 YMHHUX HOpMaTuBiB [16] Ta rpy-
MyBaHHS IPYHTIB 32 BMICTOM PyXoMux (hopm
eneMeHTiB-3a0pyaHIoBayis [17].

Jluia o1iHKM oJiHOPiHOCTI BUGIpKU Ta 10-
CTOBIPHOCTI OTPUMAHUX CePe/HIX 3HAYeHb
Bu3Hauasu koedimient Bapiaitii (V, %), skuii
BizloOpakae CTyIiHb PO3CIIOBAHHS OKPEMUX
MOKA3HUKIB Bi[HOCHO CepeHboro apudme-
TUYHOTO Ta CJIYTYE KPUTEPIEM CTAaTUCTUYHOIL
OHOPIAHOCTI IaHMX. 3TiHO 3 KIacudiKaIli€ero,
Bapiarlist BBaskaeThest: crabkoro 3a V<5%, mo-
MipHOt0 — 6—10%, 3HaunO0 — 10—20%, Besn-
koio — 21-50%, nyske Besukoio — V>50%.

Craructuuny 0OpoOKY eKCIIepUMEHTAIb-
HUX JIAHUX [IPOBOJIMJIN i3 3ACTOCYBAHHSM I1PO-
rpamuux nakeris Microsoft Excel Ta Statistica
6.0, mo 3a6e31eyyBaso KOPEKTHICTh PO3pa-
XYHKIB, IepeBipKY JOCTOBIPHOCTI pe3yJIbTaTiB
i MOOyYI0BY aHAITHYHUX 3aJI€KHOCTEH MikK
JOCTIKYBAaHUME TIOKa3HUKAMU.

PE3VJIBTATI
TA IX OBTOBOPEHHSA

Kanmiit (Cd) Hajexkurh 10 BUCOKOTOK-
CUYHMX BaXKKUX METAJIB 13 BUPAKEHOIO 3/1aT-

HicTio 10 GioakymyJiii B ekocucTeMax. Bin
JIETKO TIOTJIMHAETHCST POCIMHAMHE, 0COOJIMBO
3€PHOBUMM KYJBTYPaMU Ta OBOYAMH, TIepe-
XOIUTD Y XapYOBUH JIAHIIIOT i CTAHOBUTD T10-
TeHIiiHy HeOe3neKy st 3M0POB’S JIIOJUHH.
HanxomxenHs kaaMilo B TPYHT MO’Ke Biji-
OyBaTucs 9K BHACAIZOK NPUPOIHUX IIPOLE-
ciB (BUBITPIOBAHHSI MiHeEpasiB, aTMochepHi
OTIaiN ), TaK i Yepe3 aHTPOTIOTEHHUH BIIIUB,
30KpeMa, 00ioBi mii.

B ymoBax 30poiiHuX KOHGJIIKTIB OHUM i3
OCHOBHUX JizKepeJt HaaxomkeHHs kaamiio (Cd)
Y JIOBKLJLJIS € IeTOHAITis GOENPUIIACIB, 3rOPSIH-
H BIlICbKOBOI TEXHIKH, a TAKOX PyHHYBaHHSI
IHJKEHEPHUX CIIOPY/T 1 IPOMUCTOBUX 00’€KTIB,
Y KOHCTPYKITIIX SKUX 3aCTOCOBYIOTHCSI KaJl-
Mi€BI CIIJIABU Ta 3aXUCHI MMOKPUTTS. BHacri-
JIOK TTUX TIPOIIECiB (POPMYETHCST JIOKAIbHE 3a-
OpyIHEHHS IPYHTIB pyXoMuMu (hopMaMu Kaj-
Mil0 — BOZOPO3YMHHUMU Ta CJIabKO3B s13a-
HUMHU CITOJIYKaMU, SIKi XapaKTepu3yIOTbCs
BUCOKOIO MOOLIBHICTIO, 6i0J0CTYIHICTIO Ta
3HAYHUM PiBHEM €KOTOKCUYHOCTI.

3a pe3yJbraTaMu JIOCJi[PKEHb BCTAHOB-
JIEHO, 1110 CepeIHbO3BaKEeHUIN yMICT KaaMiio
B IPYHTaX 00CTEKEHUX TEPUTOPIN CTAHOBUTH
0,16 Mr/KT, 1110 BiAIOBiA€ CIAOKOMY PiBHIO
3abpyanenns. [Tomipauii piBeHb 3a6pyaHeH-
H4 3adikcoBaHO HA TPHOX isTHKAX (NeNe 2
3, 15), me cepeaHBO3BAKEHII YMICT KaaMifo
nocsras 0,20 mr/kr. Crabkuii pisens 3a6py -
HEHHS CIIOCTEPITa€ThCs Ha OLIBIIOCTI Jis-
HOK (12 i3 16), 3i 3HAaueHHsAMHU Y Mekax 0,10—
0,17 mr/kr, Toi gk Ha ainguii Ne 7 kon-
HeHTpallis ejeMeHTa Oyja HalMEeHIIOw —
0,07 Mr /KT, 1110 CBiZTYNUTD TIPO BiZICYTHICTH Tie-
peBuieHHs GOHOBUX 3HaYeHb (maba. 4).

Y Mexxax ejeMeHTapHUX JIJISTHOK BMICT
PYXOMHUX CITOJIYK Kajimito kosinBasces Biz 0,05
1o 0,33 mr/kr, a koedirienT Bapiailii craHo-
BuB — Bix 9,9 10 70,3%. Takuii mmpokuii ia-
MA30H CBiYNTDH PO BUPAKEHY MTPOCTOPOBY
HEOJHOPITHICTb PO3IOMIINTY PYXOMUX CIIOJIYK
Ka/IMif0 y TPYHTOBOMY MTOKPHBI.

Haii6isnbiry Bapiabenbricts (70,3%) 3a-
(hikcoBano B Merkax 3eMJIeBOJIOJIHD c-111a Po-
raib PoraHnchbkoi ceTnIHoi TpoMaau XapKiB-
ChKOTO p-HYy (mimstaka Ne 5), 1110, IMOBIpHO,
3yMOBJIEHO HAgBHICTIO JIOKATbHUX OCEPE/IKiB
HAKOIMYEHHS Ka/Mil0 y MiCIIsIX pyHHYBaHb,

2025 + No 4 + ATPOEROJIOTTYHUI iKRYPHAII

123



P.IL. TIAJIAMAPYYK, O.M. TPUIIEHKO, I0.M. SILIEHKO, B.M. HEYUTAIJIO, O.B. MIHEHKO

Tabuuiist 4. BMicT pyXOMEX CIIOJIYK Ka/IMII0 Y IPYHTAX 3€MEJIbHUX [UISTHOK,
SIKi 3a3HaJIM BILTUBY GOMOBHX Iiii Ha TepuTOpii XapKiBCbKOi 00T,

I Cepennbo3Ba- Pigenn Cran- Cepenmbo- Koedi-
Ne nii L oma it BMi 3a0pya- apTHa | KBajJpaTu4yHe i€eHT Min | Max
NUIAHKA JKEHUU BMICT, 3a0py nap /. 1
JLUIAHKH, Ta . P
MT/KT IPYHTY HEHHST TMOMMJIKA | BIIXWJIEHHS | Bapiaiii
1 95,5780 0,15 Caabke 0,01 0,04 23,9 0,09 | 0,24
2 38,2468 0,20 [Tomipue | 0,01 0,02 9,9 0,16 | 0,22
3 16,7096 0,20 [Tomipre | 0,01 0,03 14,9 0,17 | 0,23
4 50,0000 0,17 Cnabke 0,01 0,04 22,3 0,13 | 0,23
5 40,0000 0,11 Canabke 0,02 0,08 70,3 0,04 | 0,33
6 54,4026 0,10 Cuabke 0,01 0,04 37,6 0,06 | 0,18
7 27,7619 0,07 — 0,01 0,02 29,5 0,05 | 0,11
8 279,4175 0,16 Cnabke 0,01 0,04 25,3 0,09 | 0,20
9 101,3783 0,17 Ciabke 0,01 0,04 25,6 0,10 | 0,22
10 96,2857 0,16 Ciabke 0,01 0,04 22,4 0,11 | 0,23
11 31,9314 0,16 Cnabke 0,01 0,03 19,8 0,10 | 0,19
12 89,5741 0,15 Cnabke 0,01 0,04 26,1 0,09 | 0,25
13 136,3257 0,17 Ciabke 0,01 0,03 16,4 0,13 | 0,22
14 140,0085 0,15 Ciabke 0,01 0,03 211 0,10 | 0,21
15 136,703 0,20 ITomipue | 0,01 0,03 14,8 0,10 | 0,23
16 54,9950 0,14 Ciabke 0,01 0,04 28,5 0,09 | 0,23
Cepennbo-
spakenunit | 1389,3181 0,16 Curabke
BMICT
Crangaprna
TIOMUJIKA 0,01
Cepennbo-
KBaJIpaTUIHe 0,04
BiIXMJIEHHS
Koediniext 225
Bapiartii
Min 0,07
Max 0,20

BUOYXiB ab0 3ropaHHs BilICHKOBOI TEXHIKH,
a TaKoK MOP(OTEHETHUHUMHU 0COOJUBOCTSI-
mu rpyHTiB. Ha BiiMiny Bifl iHIIUX IJISTHOK,
Mpe/ICTaBJIeHNX YOPHO3EMaMHU, 1151 TEPUTOPIs
MaJia YepryBaHHS YOPHO3EMiB i TEMHO-CIpHUX
OIiZI30JIeHUX IPYHTIB, SAAKI Bi/I3HAYAIOTHCS
HIKY0I0 Oy(hepHOIO 3JaTHICTIO Ta MEHIIIOK0
€MHICTIO IIOTJIMHAHHA, 1[0 3MEHILIYE IXHIO
3/1aTHICTh (PIKCYBATU BaXKKi MeTaJu y BEPX-
HBOMY FOPU30HTI. Y OLIBLIOCTI BUIAIKIB KOE-
dirienT Bapiarii mepebysaB y Meskax 15-30%,
1[0 CBiIYUTD PO TMOMIPHY HEOAHOPIAHICTD
MIPOCTOPOBOTO PO3TIOIITY KaIMIfO.

ITizBuIiena BapiabebHICTh MOKE POITJIS-
JIATUCS SIK IHIUKATOP TEXHOTE€HHOTO HaBaHTa-
JKeHHS Ta ITPOCTOPOBOI CKJIAJHOCTI TIPOIleCiB
pO3citoBaHHS KaaMilo Ha TEPUTOPISX, IO 3a-
3HAJI BOEHHOTO BILJTBY.

3a pesyJbraTamMu JI0CJIi/)KeHb BCTAHOBJIE-
HO, 110 IIEPEBAKAIOTH TEPUTOPIL 31 crabKum
piBHEM 3a0pY/IHEHHST, SIKi OXOTLIIOIOTH OJIN3b-
k0 60-70% s3arajabHOI IO JOCIiIKEHIX
rpysriB. IToMipHuil piBeHb 3a0pyIHEHHS 3a-
(dikcoBano npubsmsHo Ha 25—30% TwIoTI, 1110
BKA3y€E Ha JIOKAJIbHUIT XapaKTep HAaKOITUYeHHST
KaJIMi10, TIepeBa’kKHO y 30HAX IHTEHCUBHOTO
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BOEHHOTO BILUIMBY. HacTKa JUJISTHOK 13 MiHi-
MaJbHUM a60 BiZICYTHIM 3a0pyIHEHHSIM € He-
3naunolo (110 10%), 1o niaTBepKye Maci-
TaOHiCTh BIIMBY OOMOBMX Aill Ha BepXHIii
(0-30 cm) mmrap rpyHTy (puc.).

OTKe, BUABJIEHO iCTOTHE MiJBUIIEHHI
BMICTY PYXOMUX CIIOJIYK KaJMil0 Y I'PYHTax
06CTEKEHIX 3eMEJTBHIX JIISTHOK Y THCIISTBOEH-
HUH TIepioji TOPiBHSIHO 3 IOBOEHHUM CTAaHOM
(maéan. 5). Micns npununents 600BUX il
Ha JIAHUX TEPUTOPISAX, cepelHbO3BAKEHNI

yMicT kKaamito cranoBuB 0,16 Mr/Kr rpyHTy,
10 BIJTIOBiAA€E cIaOKOMY PIiBHIO 3a0py/IHEH-
. KosimBaHHsS 3HAYeHb CIOCTEPirajocs
B Mexkax 0,07—0,20 mr/Kr, 0 CBIIYUTH PO
MIPOCTOPOBY HEOJHOPIIHICTh PO3MO/ILTY 3a-
OpYIHEHTST, 3yMOBJIEHY Pi3HOIO iHTEHCHUBHIC-
T10 GOOBUX Aill Ta XaPAKTEPOM TEXHOI€HHOIO
HaBaHTaKEHHs HAa OKPEMUX TiJITHKAX.

[l TOPiBHSHHS, Yy TOBOEHHUN TIEepiof
CepeHbO3BAKEHUI BMICT KAJIMiIO CATaB JIUIIE
0,05 Mr/KT, 1110 3aCBiYUIIO TIPO BiAICYTHICTD

Ta6uig 5. ITopiBHSAIbHA OI[IHKA BMICTY PYXOMHX CIIOJIYK KaJMil0 y IPYHTaX
Y IOBOEHHMIA Ta MiCISIBOECHHUIA TePioaK

YmicT kaaMito y HicJassBOEHHUI 11epios YmMicT kaMito y 10BOEHHUIT 11epiost N
. + 110
Ne pinstkm /i 3a6g;1§3:;HHH MI/KT 3865;26:;}“{51 KOHTPOJIIO
1 0,15 Cuabke* 0,03 Bincyrhe +0,12
2 0,20 ITomipnue 0,08 Bincyrne +0,12
3 0,20 ITomipHe 0,10 Crnabxke +0,10
4 0,17 Ciabke 0,06 Bincyrne +0,11
5 0,11 Cnabke 0,06 BincyrHe + 0,05
6 0,10 Cuabxke 0,04 Bincyrhe +0,06
7 0,07 Bincyrne 0,02 Bincyrne +0,05
8 0,16 Crnabxe 0,07 Bincyrne + 0,09
9 0,17 Curabke 0,06 Bincyrue +0,11
10 0,16 Crabke 0,04 Bincyrhe +0,12
11 0,16 Crnabxke 0,01 Bincyrne +0,15
12 0,15 Crabke 0,01 Bincyrhe + 0,14
13 0,17 Crabke 0,08 Bincyrne + 0,09
14 0,15 Crabxe 0,03 Bincyrne +0,12
15 0,20 [Tomipre 0,07 Bincyrne +0,13
16 0,14 Cunabke 0,05 Bincyrhe + 0,09
Cepennbossa- 0,16 Crabue 0,05 Bincyrhe +0,11
SKEHUIT yMiCT
CrangapTHa
HOMLI/U?Ka 0,01 0,01
Cepentbo-
KBa/[paTUIHE 0,04 0,03
BiAXWIJIEHHS
Koegiuient |5 29
Bapiarii
Min 0,07 0,01
Max 0,20 0,10

Ipumimka: * — pisenb 3a6pyAHEHHS IPYHTY BULJIEHO KOJIBOPOM ISl MIBUAKOL OIIHKY CTYIeHs 320Dy /IHEHHST

Ha PIZHUX [IISTHKAX.
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® Curabkuii piBeHb 3a0pyHEHHS
® 3abpyaHeHHs BiCyTHE

Pos1moiis miol JoCipKeHuX AIITHOK 32 piBHEM 3a0pyAHEHHS IPYHTIB
PYXOMUMHU CIOJIyKaM# KaJIMilo, %

3a0pyZHEHHS Ta BiANOBIJAJI0 PUPOLHOMY
(hoHOBOMY PiBHIO /IJIST TAHOTO PETIOHY.

¥ rpynrax GiabpIIOCTI JOCHIAKEHUX HimsI-
HOK (12 i3 16) BcTaHOBIEHO 3POCTaHHS KOH-
neHTpariii kaamio y Mexax 0,09-0,17 mr/kr,
110 BKA3y€ HA aHTPOIIOTeHHE ITi/ICUJIEHHST 3a-
OpyIAHEHHSI YHACJIIJOK BOCHHUX [iif. Jlumre
Ha okpemux gisaHkax (NeNe 3, 5, 6, 7) 36i/1b-
IIIEHHST TOKa3HUKIB OyJio HeanaunuMm (+0,05...
+0,06 Mr/Kr), 10 Moke OyTH IOB SI3aHO 3
MEHIIOI0 iIHTeHCUBHICTIO GOMOBUX Aiil abo
0COOJIMBOCTSIME I'PYHTOBOTO TIOKPUBY, KU
00OMesKY€ MIrpaiifo BayKKIX MeTaJliB.

MakcumasnbHi KOHIIEHTpPAIlii CIOJIyK Kajl-
Mmilo 3acdikcoBano Ha aingHkax Ne 2, 3 Ta
15-0,20 mr/Kr, 110 BiAOBigae MoMipHOMY
piBHIO 3a0pyaHeHHsT. MiHIMabHI 3HAUCHHS
BMICTY KaIMiIO0 cIloCTepirajucs Ha MiJsSHIT
Ne 7 — 0,07 MT /KT, 1[0 CBiTYUTD PO MPaKTHI-
HO TIPUPOJHWH CTaH I'PYHTOBOTO TIOKPUBY Ta
BiZICYyTHICTH iICTOTHOTO TEXHOT€HHOTO BILJIHU-
By. HatiBuiii koHImeHTparii kajmio xapak-
TepHI I TEPUTOPIH 13 BUpPaKEHNMH O3Ha-
KaMU BOEHHOTO HABAHTAXKEHHS — Y MICIISIX
YTBOPEHHSI BUPB Bij BUOYXiB, pylHYBaHHs
OyiBesb, IOKATBHOTO HAKOTIMUCHHS yJlaM-
KiB BiliCbKOBOI T€XHIKH, 3TOPIJIUX MaTepiaiiB
i sanumkis 6oenpunacis. Ile migTBepIKy€

YiTKUH TPOCTOPOBUI 3B’SI30K MiK iHTEHCUB-
HicTIO GOMOBUX il Ta piBHEM 3a0pyAHEHHS
I'PYHTOBOIO TOKPUBY BKKUMU METAJAMU.

KoedimienT Bapiartlii micJIIBOEHHUX TI0-
Ka3HUKIB cTanoBUB 22,5%, 1110 hiKcye momip-
HY HEOJTHOPIAHICTb TPOCTOPOBOTO PO3IOILITY
kajMifo. Takuii piBeHb BapiabeabHOCTI, IMO-
BIPHO, 3yMOBJIEHUH JIOKAThbHUM XapaKTepOM
HaJIXO/KeHHS MeTaJliB — y MiCI[SIX IeTOHaIli1
GOENPUITACIB, PYXY BasKKOI TEXHIKM Y1 PO3Mi-
IIIEHHST TOJIbOBUX YKPiTyieHb. /[y mopiBHSIH-
Hs, Y JIOBOEHHUI 1tepioj KoedillieHT Bapiaitii
6yB 3HauHO BUTTIM (52,9%), 10 TTOSICHIOETD-
¢S HU3bKUM (DOHOBUM yMiCTOM eJleMeHTa Ta
MIPUPOHOIO HEPIBHOMIPHICTIO HOTO PO3TIOIi-
JIy B TPYHTOBOMY CEPE/IOBUIIII.

IIpoBeneni qocmimKeHHS CBiYAT, IO HA
OLIBIIOCTI OOCTERKEHNX TEPUTOPIii 3a0pyAHEH-
HsI KaZIMieM Ma€e c1aOKuil piBeHb, IpoTe Horo
HasgBHICTD € MTPAKTUIHO HA BCIiX IITHKAX, IO
BKa3y€ Ha 03HAKY MIMPOKOMACIITAGHOIO TeX-
HOTE€HHOTO BILIMBY BHACJIZI0K OOMOBUX JIiii.

Bosmrouac 361/bIeHHS BMICTY KaJMil0 €
HEe3HAYHUM, 1110 MOKJIMBO IIOB’I3aHO 3 0C00-
JIMBOCTSIMU 3€MJIEKOPUCTYBAHHS MiCJIST TIPU-
TMMTHEHHS BINCHKOBUX Mill Ha IINX TEPUTOPISIX.
Y1pomoBk OCTaHHIX ABOX POKIB ITicJis 3a-
BEPIIEHHS aKTUBHUX OOMOBUX il TepuTOpii
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3HOBY BUKOPHUCTOBYIOThCS JIJIsl BUPOIILYBAHHS
CIJTbCHKOTOCTIO/IAPCHKUX KYJIBTYP, 3/I1CHIO-
ETHCST MEXaHIYHUN 0OPOOITOK TPYHTY, BHE-
CeHHsI OpPraHiyHuX i MiHEpPaJbHUX H0OPHB, a
TAKO’K 3BOJIOKEHHST Ta TIPOMUBAHHS TiJ] Yac
arMochepHUX OIa/liB. YHACII0K I[UX Mpolle-
CiB YaCcTUHA PYXOMUX CIIOJIYK KaJMiI0 MOTJIa:
MITpyBaTH y HUIKHI TOPU30HTH TPYHTOBOTO
podiso, 0coOMNUBO HA MIISTHKAX 13 JIETKUM
IPaHyJIOMETPUYHKUM CKJIaZ0M, OYTU IIOIJIH-
HYTOIO POCJUHAMH, OCKLJIBKHU Ka/[Mill € BU-
COKOPYXOMHUM €JIEMEHTOM, 3/IaTHUM JIETKO
MEePEXO/INTHU 3 IPYHTOBOTO PO3YUHY B KOpe-
HEBY CHCTEMY, ePEPO3IOIIIUTHICS Yy TPYH-
TOBOMY CEPEIOBHUIII BHACTIIOK OlOXiMIUHUX
Ta aGlOTUYHUX IIPOLECIB, 0 IPU3BOLUTD 10
3HMIKEHHS HOTO KOHIIEHTPAIlil Y BEPXHBOMY
mapi (0—-30). Tomy, cyuacHwuii piBeHb 3a0py/I-
HEHHS TPYHTIB KaJ]MiEM MOKHA PO3TJIAAATH
SIK 3JIMIITKOBUH HACJI/IOK BOEHHOTO BILJINBY,
KU 30€pira€ThCst MOMPH TOCTYTIOBE 3HMU-
JKeHHS KOHIEHTPAIliil i Ai€10 TPUPOIHUX
MTPOIIECIB CAMOOYUIIIEHHS I'PYHTOBOTO CEPEJIO-
BUII[a — Mirpartii, copOIii Ta po36aBIeHHS Y
toBii rpyuty. Kpim toro, BijHOBIEHHS TOC-
M0/IAPCHKOTO BUKOPUCTAHHST TEPUTOPIH CIIpH-
sI€ YaCTKOBOMY PO3CIIOBAaHHIO Ta 3HWKEHHIO
JIOKAJIbHUX MIKOBUX KOHIIEHTPAIliNl BaKKUX
METAJiB, IO MMOCTYIIOBO BUPIBHIOE ITPOCTOPO-
BY HEOJTHOPIHICTD 320Dy THEHHSI.

HagsricTs 110MipHO 3a0pyAHEHNX TIISHOK
T IKPECTIOE HEOIHOPITHICTD TTPOCTOPOBOTO
POBIOAIIY KajMito Ta OTPedy Y MOAAIBIIO-
MY IeTIbHOMY KapTyBaHHI 30H IiIBUIIIEHUX
KOHIIEHTPAIIiii.

BUCHOBKH

BceranoBieHo WiTKy TeHIEHIIIIO /10 Tiji-
BUIIEHHS 3a0pPY/IHEHHST IPYHTIB PYXOMUMU
CIIOJTyKaMU KaJIMiIO Y MiCJIABOEHHUN TTepioj,
1[0 € HACJTIZIKOM BOEHHOTO BILIUBY i TOTpebye
MOAJIBIIIOT0 MOHITOPUHTY Ta PO3POOJIEHHS
3axXO/liB i3 peMesiallii i peKyJIbTUBallil TOPy-
HIEHUX 3eMeJlb.

VY meskax 06CTeREeHNX MiTSTHOK BMICT Py-
XOMUX CIIOJIYK Ka/IMiI0 He TIepeBUIIy€ HOpMa-

tuBHi 3navenns (L[JIK=0,7 mr/kr), onaax Ha
93% 1utoNIl BUSBJIEHO 03HAKK cJabKOro abo
MOMIPHOTO 3a6PY/IHEHHSI.

3 OrJisgly Ha BUCOKY PYXOMICTb CIOJYK
Ka/IMif0 y TPYHTOBOMY CEPEeJIOBUIIli, HE3HAUHI
piBHI 3a0pyAHEHHS MOXKXYTh OYTH pe3yabra-
TOM [POMUBAHHS Ta IIEPEPOINOJIIITY MeTaIy
y Il TOPUBOHTH, 4 TAKOK YACTKOBOIO
MOTJIMHAHHST HOTO POCTUHHICTIO YITPOJOBIK
JBOX POKIB ITiC/ISI IPUITMHEHHS aKTUBHUX 00~
toBux pmiit. Ile miaTBEp/IKY€E TEHAEHIIITO /10
MOCTYTIOBOTO TTPUPOJIHOTO 3HUKEHHS KOH-
LeHTpaliil KajaMmiio, Xoua 3arajJbHUI pPiBeHb
TEXHOTEHHOTO HaBaHTaKEHHSI HA TPYHTOBUM
MTOKPUB 3AJUTIAETHCS TiABUIIEHNM.

IIpocTopoBa HEOAHOPIAHICTH PO3IOIIILY
KaJIMil0 BKasye Ha KOMOIHOBaHUII XxapakTep
3a0pyHEHHS: JIOKAJIbHE TI[BUTIIEHHST KOH-
LeHTpaIliii KajMilo TIOB’I3aH0 i3 MiCIleBUMM
ocepe/IKaMU TEXHOTEHHOTO BILJIUBY, TOJI K
3arajbHa Bapiallis TOKa3HNKIB BU3HAUAETHCS
reTeporeHHiCTIO IPYHTOBOTO MOKPUBY. Takuii
THUII TIPOCTOPOBOTO POBTIOILITY € XapaKTePHUM
TSI TEPUTOPIH, 10 3a3HaNU BILTUBY 60ii0-
BUX JIili, /ie piBeHb 3a0py/AHeHHsT (hOPMYETH-
s TIi/T TTOETHAHUM BILIMBOM aHTPOTIOTEHHUX
1 IPUPOJHNX YNHHUKIB. /[0 aHTpomoreHHNX
HaJleKaTh BUOYXU OOEIIPUIIACIB, 3ropsaHHs
BilIChKOBOI TeXHIKM, PyHHYBaHHS iHGpa-
CTPYKTYPH, TOJIi SK 10 TPUPOTHUX — PEIBED
MiCIIEBOCTI, TIAPOJIOTIYHUH PEKUM, IPAHYJIO-
MeTpUYHMIT ckaz i OydepHa 3HaTHICTh IPYH-
TiB, SIKi BU3HAUAIOTH TIEPEPO3TIOILT i MiTpaIiiio
CITOJIYK KaJIMil0 B M€XKaX I'PYHTOBOTO MPO-
dio.

IMigsuiiena BapiabebHICTh MOKA3ZHUKIB
MO’Ke PO3TJISIIATUCS SIK THAMKATOP TEXHOTEH-
HOTO HaBaHTaKEHHsS Ta MPOCTOPOBOI CKJIA/I-
HOCTI TIPOTIECiB PO3CifOBaHHS KaJMil0 Ha Te-
PUTOPISIX, 110 3a3HAJIN BOEHHOTO BILJTUBY.

Xoua MOTOYHUI piBeHb 3a0PYAHEHHS He
CTBOPIOE Oe3MOCePeHbOI eKOJIOTIUHOI 3ar-
PO3U, HOTPIOHMI CHCTEMHUI MOHITOPUHT JJIsI
OIIHKM AWHAMiKM Mirpallii KajMiio B Jaci,
0c06/IMBO 'y pallOHAX JIOKAJTBHUX OCEPE/IKIB
3a0pyIHEHHL.
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Y cmammi npedcmaeneno pesyromamu eKcnepumMeHmanbHo20 00CAI0NCeHHs 6NAUBY CHeKM -
PAAbHO20 CKAADY C8iMA00I00H020 0CEIMACHHS HA PICM, PO3BUMOK MAa NPOOYKMUBHICMb 080~
Yegux Kyabmyp y 3aKpumomy rpyumi. AKmyaivHicmos memu 3yM0o8AeHa 3HAYHUMU 8Mpamamu
8pOJICATIHOCMI Y BIOKPUMOMY TPYHMI, Yepe3 KaimamuuHi pusuxu, deepadayiro rpyHmie ma He-
cmabinbHiCcMb NOOOHUX YMOB, A MAKOIC CKOPOHEHHAM NOCIGHUX NAOU, YHACAIOOK 0EHHUX OIll.
11i vunHuKU 3HUNCYIOMDb epeKmUBHICIMb MPAOUYITIHO20 3eMAepOOCMEa, 00MeNCYIHU MONCAU-
8icmb cmabinbHo20 3a0e3neueHHs HaceAeHHA AKICHUMU ogouamu. B ymosax konmpoavosanoeo
cepedosuuya menauyb puUUKU 8mpam MOoJcHa MIHIMIZyeamu, 0co6AU80 3a 3aCMOCYBaAHHS
LED-¢imoaamn 3 adanmusHum cnekmpom, wo 0onomazae onmumizyeamu (homocunme-
MUYHY aKMUBHICMb POCAUH Ma NideUwUmMU epeKkmMUHICMb 8UKOPUCMAaHHS eHepeii. Memoro
docaioncerns 6yn0 BU3HAYEHHS ONMUMANbHUX CNeKMPANbHUX NAPAMEempié 0ceimaeHHs 045
niosuwenus npodykmuerocmi nomioopie (Solanum lycopersicum, copm «Hymar») ma caramy
(Lactuca sativa, copm «QOdeca 75»). Excnepumernm npogoouiu y HaA8UanbHill menauyi 3 6u-
xopucmarnuam LED-¢gimoasamn nomyxcricmro 100 Bm y vomupvox pexcumax: nogHuil cnekmp
(KOHMPOAY), NepesaldcHo CUHIN, NepesadcHo 4epeoHuUll ma KOMOIHOBAHUL 3i GKAOYEHHAM
ingpauepsonoeo (I4) ma ynempagionemosozo (Y®@) eunpominroeanns. [Ipomseom eocomu
MUdICHIG ecemauyii GUKOHY8ANU WOMUICHEB] BUMIDIOBAHHS 8UCOMU POCAUH, NAOWI AUCMKOBOT
noeepxui, macu diomacu, emicmy xa0poiny, Kinbkocmi K8imok, macu naooie i 8poxcailHocmi.
Cmamucmuury 06po0OKy 30ilicHI08aAAU MeMOOOM 00HODAKMOPHO20 OUCHEDPCILIHOZ0 aHANIZY
(ANOVA) 3 pienem 3nauywocmi p<0,05. Haibinow epekmuenum euseuecs KomoiHo8anuii
cnekmp, aKuil 3a6e3neuus MaKcUMAanbhi NOKA3HUKY époxcaiinocmi nomioopie (4,9 ke/m2) ma
oiomacu canamy (186 e/poca.), a makoxic cnpusé eGpMOHIlIHOMY PO3GUMKY 6ecemamugHux i
eenepamusnux opearie. Cumiil cnekmp cmumyn08ae HaKonuveHHs xaopoginy, aire mae 00-
MediceHUll 6NAU8 Ha 2eHepamugHi npoyeci, mooi K 4ep8oHULl NOCUAI08AE NA0OOHOUIeHHS, NPO-
me 3HUICY8A8 6ecemamuenuil picm. Ompumani pezyaomamu niOmMeepoICyr oMy OUINbHICMb
eukopucmanns adanmuenux LED-gimocucmem i3 kepogaHum chekmpom K iHHOBAYIHHO20
ma exepeoeeKmueHo20 iHcmpymenmy 04s ni0GUWeHHs NPOOYKMUBHOCH 0804e8UX KYAbIMYD
¥ 3akpumomy rpyumi. Lle mae ocobauee 3nauenns 0as nicaa80€HHO20 8iOHOBACHHS A2PAPHOO
cexmopy Ykpainu ma smiuneHHs npo0oeoavioi be3neku Kpainu.

Karuosi crosa: onumanvue oceimaenus, LED-gimonamna, obmemnceni pecypcu, osouesi
KyAabmypu, a0anmugHe azposupoOHULmeo, Gomocunmes, meniuuHe eUPOULY8aHHs:.

INTRODUCTION

In the context of post-war reconstruction
of Ukraine, a comprehensive approach to en-
suring the country’s food security is of par-
ticular relevance. An important component of
this process is the modernization and activa-
tion of the agro-industrial sector, in particu-
lar in regions where, due to war destruction,
mine danger or climate change, open soil has
become unsuitable for traditional agriculture.

© 0. Sadovyi, V. Mardzyavko, A. Rudenko, 2025

In this context, greenhouse vegetable growing
acts as a strategically important direction,
allowing for stable cultivation of vegetable
products throughout the year. Greenhouse
farms ensure uninterrupted supply of fresh
vegetables, herbs and berries even in winter,
thereby reducing dependence on imported
products. This is especially critical in con-
ditions of unstable logistics and currency
fluctuations. In addition, the development
of the greenhouse sector contributes to the
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economic revitalization of the affected terri-
tories, enabling small and medium-sized busi-
nesses to restore agricultural production at
lower costs than in the case of field farming.
Therefore, investments in greenhouse farming
are not only tactical, but also strategic in im-
portance for restoring Ukraine’s agricultural
potential.

The effectiveness of growing vegetable
crops in the closed ground largely depends
on the characteristics of artificial lighting.
Recent scientific works [1-5] confirm the
significant influence of the spectral composi-
tion of light on the physiological processes
of plants: photosynthesis, biomass forma-
tion, flowering and fruiting. Unlike natural
lighting, phytolamps allow you to adjust the
light parameters precisely, providing optimal
growth conditions by controlling the radia-
tion spectrum. This is especially important
in Ukrainian conditions with short daylight
hours, limited energy supply and the need
for efficient use of resources. In this regard,
the study of the reaction of plants to changes
in the spectral composition of light becomes
particularly relevant and contributes to the
development of innovative technologies for
sustainable greenhouse and vertical farming.

Modern LED phytolamps make it possible
to create specialized spectral lighting modes
with an emphasis on red (660 nm), blue
(450 nm) and other ranges that affect plant
photomorphogenesis [1]. At the same time,
the effectiveness of various spectral combi-
nations depends on the type of crop, its de-
velopment phase, microclimate conditions
and technological approach to cultivation.
Despite the wide popularity of phytolamps
in greenhouse production, it has not been suf-
ficiently studied which spectral combinations
are optimal for different phases of vegetable
crop development. The issue of balancing
high yields and energy efficiency of lighting
systems remains unresolved. This necessi-
tates the need for adaptive, energy-efficient
solutions to ensure maximum productivity in
closed ground conditions.

Therefore, the aim of the work is deter-
mination of optimal spectral modes of LED
phytolamps for stimulating growth and gen-

erative indicators of tomatoes and lettuce in
closed soil under conditions of limited re-
sources, to improve food stability in Ukraine
in conditions of post-war recovery.

ANALYSIS OF LATEST RESEARCH
AND PUBLICATIONS

LED phytolamps for irradiating plants are
no different in design from conventional LED
lighting devices — emitting crystals, under
the influence of electric current, generate a
light flux of a certain wavelength.

The difference between phytolamps and
LED devices is observed in the composition
of the spectrum — not a narrow interval of
warm white glow like incandescent lamps, but
a wide range from ultraviolet to red rays [2].
This emitted spectrum is the main advantage
of LED phytolamps for plants — LEDs emit
light of the spectrums most needed by indoor
plants.

Phytolamps are special light sources that
mimic natural sunlight and provide plants
with the necessary spectrum for their growth
and development. They are especially useful
in conditions where natural light is insuf-
ficient, such as in winter or when growing
plants indoors.

Different light spectra have a significant
impact on the photosynthetic activity of
plants, and this issue has been studied ac-
tively in many scientific works. In [3], the
authors R. Roberta, G. Cocetta and S. Proietti
examine the mechanisms by which different
spectral components of light — particularly
the red, blue and green spectra — can en-
hance or reduce the efficiency of photosyn-
thesis in plants. Their study emphasizes the
importance of light interactions with plant
photosystems at the chloroplast level, where
the spectral composition of light directly af-
fects the energy balance of the photosynthe-
tic apparatus.

In the study [4] (S. Arena, T. Tsonev) exa-
mine in detail the influence of light spectra, in
particular red and blue, on the photosynthetic
activity of plants. The authors emphasize that,
to optimize photosynthesis, plants use diffe-
rent spectral components of light depending
on intensity and environmental conditions.
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They also emphasize the importance of the
combined use of these spectra to maximize
the efficiency of photosynthesis, since each
spectrum stimulates different photosystems
of plants.

In work [5] (L. Gennaro, B. Mele and
V. Luca) focus on how the spectral composi-
tion of light, particularly the red and blue
ranges, affects the rate of photosynthetic pro-
cesses and overall plant growth. They focus
on analyzing how changes in light intensity
and spectrum can alter the productivity of
photosynthesis under different conditions,
particularly in laboratory experiments.

In the works [6; 7] the authors D. Shuang-
shuang, S. Pengfei, I. Dyachenko and L. Ro-
manenko investigated and analyzed the effect
of light on photosynthetic activity with a spe-
cial emphasis on the role of photosynthetic
pigments such as chlorophyll and carotenoids.
The studies showed how different light spect-
ra affect energy production in chloroplasts,
which is critical for efficient photosynthesis.
At the same time, it was shown that certain
spectral components could both cause stress
in plants and stimulate their activity under
favorable conditions.

Research [8] by M. Haidekker, K. Dong
and E. Mattos presented us with methods for
assessing photosynthesis by measuring chlo-
rophyll fluorescence, an accurate indicator of
photosynthetic activity. They describe how
different light spectra change fluorescence pa-
rameters, allowing precise measurements of the
efficiency of photosynthetic processes. In par-
ticular, chlorophyll fluorescence is a very sen-
sitive indicator for studying how light of dif-
ferent wavelengths affects photosynthesis.

Overall, these studies confirm that the
spectral composition of light is an important
factor for optimizing photosynthetic proces-
ses. The red and blue spectra are particularly
important for stimulating the photosystem.
Therefore, the correct use of the spectral
characteristics of light is an important pre-
requisite for increasing yields, especially un-
der artificial lighting conditions, such as in
greenhouses or vertical farming systems.

Therefore, after analyzing the results of
these works, it is possible to present new

methods of plant irradiation in greenhouse
conditions, which involve the optimal com-
bination of spectral components, taking into
account energy efficiency, to increase yield.

MATERIALS AND RESEARCH
METHODS

The study used four spectral modes of
LED phytolamps (full, blue, red and com-
bined spectrum with IR and UV compo-
nents), which were applied to tomatoes of
the Chumak variety and lettuce of the Ode-
sa 75 variety in a training greenhouse. The
lamp power was 100 W, the distance to the
plants was 25-30 cm, the photoperiod was
16 h/day, the light flux intensity was 400—
700 pmol-m~2s-! depending on the growth
phase. All plants were grown in a peat-coco-
nut mixture (pH 5.8-6.2, EC 1.8-2.2 mS/cm)
under standard agrotechnical conditions
(t° during the day 23+ 1°C, at night 18 £1°C;
humidity 60—70%; drip irrigation). In each
variant, 3 replicates were planted: 10 tomato
plants and 15 lettuce plants.

During 8 weeks, height, number of leaves,
leaf surface area, biomass mass, number of
flowers, fruit mass, yield, chlorophyll content
(according to Arnon) [9] and dry matter were
determined. The selection of indicators took
into account the biological characteristics of
crops: for tomato, mainly generative para-
meters (number of flowers, fruit mass, yield)
were evaluated, while for lettuce — vegetative
(leaf surface, biomass, dry matter content).
This made it possible to objectively assess the
impact of spectral modes of LED phytolamps
on the economic value of crops.

Statistical analysis of the results was per-
formed using one-way ANOVA with a signifi-
cance level of p<0.05 for each culture sepa-
rately. The least significant difference (LSD)
test was used to determine the significance of
differences between mean values [10; 11].

RESULTS AND DISCUSSION

Based on studies [11; 12], diagrams
(Fig. 1, a) were constructed, which illust-
rate the influence of light waves of diffe-
rent lengths on the photosynthetic activity
of plants. The diagrams show that blue light
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Fig. 1. Characteristics of light influence:
a — influence of light spectrum on photosynthesis; b — influence of light wavelength on plant growth

(approximately 450 nm) and red light (ap-
proximately 650 nm) are most effective in
stimulating photosynthesis. According to the
results of the study [13], we also constructed
a graph (Fig. 1, b), which reflects the general
relationship between the wavelength of light
and plant growth.

The greatest growth is observed in the
red (650—-700 nm) and blue (450 nm) spec-
tra, which correspond to the main photosyn-
thetically active ranges. Thus, it makes sense
to apply the combined use of these spectra
in phytolamps, providing a comprehensive
stimulation of growth and productive pro-
cesses, which can be the basis for effective
greenhouse production in the conditions of
modern agricultural technologies.

Table 1. Experimental lighting options

Version Spectrum type Spectral ratio (%)
. 100%
Option I | Full spectrum (380-780 nm)
. 70% blue,
Option IT | Mostly blue 30% red
. 70% red,
Option ITT | Mostly red 30% blue
Combined 50% red,
Option IV | with IR and 30% blue,
uv 10% IR, 10% UV

In accordance with the purpose of this
work, we conducted experimental studies on
the influence of the spectral composition of
LED phytolamps on the growth, development
and yield of vegetable crops on the basis of
a training greenhouse. Tomatoes (Solanum
lycopersicum variety «Chumak») and leaf
lettuce (Lactuca sativa variety «Odesa 75»)
were selected as seedlings.

To conduct the experiment, 4 experimen-
tal lighting options were created using 100
W LED phytolamps installed at a height of
25 c¢m above the plants (Table 7).

All other growing conditions were stan-
dard and identical:

» Temperature: +23°C during the day,

+18°C at night;

¢ Air humidity: 60-70%;

* Photoperiod: 16 hours/day;

e Substrate: peat-coconut mixture;

» Watering: drip, automated;

* Feeding: NPK12-12-18 solution with

trace elements.

Parameters studied: saverage plant height
(cm); number of true leaves (pcs); leaf surface
area (cm?); weight of raw biomass (g); chlo-
rophyll a+b content (according to Arnon)
(mg/g); yield (kg/m?).

Data were collected weekly for 8 weeks of
vegetation. The obtained data were subjected
to statistical processing by one-way ANOVA
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with a significance level of p<0.05 for each
crop separately.

The study found that the spectral com-
position of lighting significantly affects the
growth, development and productivity of
vegetable crops in closed ground. The sum-
marized data on the experimental variants are
presented in Tables 2—-3.

Based on the summarized data in Tables
2 and 3, it is possible to construct diagrams
showing influence of different spectral modes
of LED phytolamps on plant height, chloro-
phyll content, and yield, Fig. 2.

The presented data show that the best re-
sults for all studied indicators were achieved
when using a combined spectrum of lighting.

Table 2. Influence of the spectral composition of phytolamps on tomato performance

Indicator (ful(l) E}S?S‘?Tlllm) O?IEIISE)H Op(trlg(ril)m (ggggﬁli}il)
Plant height, cm 45.2+2.0 386 1.7 49.7+2.3 524 %25
Number of flowers, pcs. 15+2 11+2 18+ 3 20+ 2
Fruit weight, g/plant 243 + 15 211 £ 12 267 =17 288 £ 14
Yield, kg/m? 41+03 3.6+0.2 45+0.3 49+0.3
Chlorophyll content, mg/g 1.82+0.11 2.06 +0.13 1.67 £0.12 1.94 £ 0.10

Table 3. Influence of the spectral composition of phytolamps on lettuce performance

. Option I Option 11 Option 111 Option IV
Indicator (full spectrum) (blue) (red) (combined)
Plant height, cm 175+ 1.3 149+ 11 204 £1.5 221£1.6
Leaf surface, cm? 282 + 14 316 + 16 268 + 13 305+ 15
Mass of raw biomass, g 158 +9 134+ 8 172 £ 10 186 + 12
Chlorophyll content, mg/g 2.08 +0.12 247 +0.14 1.77 £ 0.11 2.38+0.13
Dry residue, % 6.2£0.3 6.5£0.2 6.8+0.3 71+03
501 1751
150+
40
125+
304 100+
20- 731
50+
104
251
ot lm (B [Ha . . .
Full Blue Red Combined Full Blue Red Combined
Plant height, cm Plant height, cm
I Yield, kg/m2 [ Biomass weight, g
Il Chlorophyll, mg/g I Chlorophyll, mg/g
a b
Fig. 2. Effect of the spectral composition of phytolamps on:
a — tomato; b — lettuce
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Analysis of the results shows that it was
with the combined spectrum that tomatoes
demonstrated the highest values of key agro-
physiological parameters. The yield in this
variant reached 4.9 kg/m?, which is 16.7%
higher than the indicators of the control (full
spectrum) lighting and 36% higher than the
variant with a predominance of the blue
spectrum.

A similar trend is observed in terms of
fruit mass and the number of inflorescences.
The increase in total biomass and the inten-
sive growth of plant mass are explained by the
synergistic effect of spectral components: the
blue spectrum stimulates leaf development,
red — promotes flowering and fruit formation,
infrared improves root system growth, and
ultraviolet activates plant resistance mecha-
nisms.

Although blue light provided the highest
chlorophyll concentration (2.06 mg/g), it
was unable to compensate for the decrease in
overall productivity, probably due to insuf-
ficient stimulation of generative processes.
Red spectrum, on the contrary, significantly
increased fruiting, but in the absence of suf-
ficient vegetative support, it negatively af-
fected the overall chlorophyll content and
plant development rate.

In the case of lettuce, the advantage of
the combined spectrum was also recorded,
which provided the maximum indicators of
biomass (186 g), height (22.1 ¢cm) and dry
matter content (7.1%), indicating harmo-
nious growth and high quality of the pro-
duct. The blue spectrum demonstrated the
highest chlorophyll content (2.47 mg/g)
and leaf surface area (316 cm?2), but lagged
behind in terms of crop weight. This con-
firms that the blue range is critically impor-
tant in the early stages of plant development,
but the presence of red and infrared light
is necessary to ensure maximum producti-
vity.

Therefore, using adaptive LED lighting
with a combination of red, blue, infrared and
ultraviolet spectra creates the most favorable
conditions for the balanced development of
both vegetative and generative organs of ve-
getable crops.

CONCLUSIONS

The results of the analysis of the spectral
impact of LED phytolamps on the processes
of vegetable crops confirm the key role of
the combined spectrum in increasing the effi-
ciency of greenhouse cultivation. It was found
that the combination of red, blue, infrared and
ultraviolet light contributes to the harmoni-
ous development at the main stages of plant
vegetation. The use of the combined spect-
rum provides the highest tomato yield (up to
4.9 kg/m?) and lettuce biomass growth (up
to 186 g per plant), while simultaneously im-
proving quality characteristics such as chlo-
rophyll and dry matter content.

Of particular note is the adaptability
of LED phytolamps, which allow for rapid
change of spectral ratio depending on the
growth phase or external factors. Unlike tra-
ditional light sources, such lamps allow for
precise adaptation of the spectrum in real
time, which makes them not only agrotechni-
cally efficient, but also economically benefi-
cial for greenhouse farming. This allows for
optimization of lighting, reduction of energy
consumption, reduction of the need for addi-
tional equipment and increase of the overall
profitability of growing crops in conditions of
limited resources.

Therefore, the introduction of intelligent
LED systems with adaptive spectral control
should be considered as an important ele-
ment of technological modernization of the
greenhouse sector, especially relevant in the
context of post-war reconstruction and res-
toration of the country’s food security and
quality.
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Y cyuacnux ymosax akmyanvhum € eugueHHs moxcaugocmeil nioguueHHs cmiikocmi dep-
acasu, 30Kpema npooogoavuoi besneku Yxkpainu, 3a paxyHok 3aiy4eHHS 00 a2papHozo 8u-
POOHUYMEa padioakmueHo 3a0pYOHEHUX 3eMenb 6UBedeHUX i3 GUKOPUCMAHHS nicas asapii
Ha Yopruoounvcwvkiiit AEC (YAEC) 3axonom Yipainu. [Ipobaemu peabinimayii padioakmuero
3a6pyonenux nicas agapii mepumopiii po3easdaiucs maidice 8iopasy no npogedeHHi nepeuHHol
ouinku macumaoié padioakmusHo2o 3a0pyoHenns. Buce enpodosnc 90-x pokie nposedero
HayK080-00CAIOHI poOOMU W000 MONCAUBOCIT OMPUMAHHSA D0OPOSAKICHOI cinbecbkoeocnodap-
CbKOI npodyKYii Ha mepumopii 3 pi3HuUM pigHem padioakmueHo20 3a0pyOHeHHs | PI3HUMU 81aC-
musocmsamu rpyumis. Beauxy poav y 3HudiceHHi padioakmueHocmi pocAuHHUYbKOI npoOyKuii
gidiepasanru miHepaavui dobpusa, 30kpema Kariini ma Kaavyicsi dobpuea. Bpaxosyrouu cu-
myauiro i3 8ilicbKosuUMU OiAMU, MUMYACOB] 8MPamu Mepumopiii, 30Kpema cinbCbko2ocnooap-
CbKUX, 300DP0ACHAHHA MIHEPANbHUX 000PUS, NOWLYK | HAYKO8e 00T PYHMYBAHHS 3ACMOCYBAHHS
Oinvu docmynHux 3aco0ie, wjo MONCyms GNAUHYMU HA HA0X00JceHHS padionykaidie i3 rpynmy
Y pocaunu, Habysae 0cobaueoeo i 6axcaugo2o snauenns. OOHum i3 3ax00i6, wjo donomazae
NpUBAMHOMY CeKmopi niOmMpuMysamu poorH4icms TPYHMie Ha npucadubHuxX OiNSIHKAX € 8UKO-
DUCMAHHS 304U, W0 YMEOPIOEMbCA NICAS CRAAKSAHHS Depeduru i cinbebkux newax. Ha ocnosi
MOHIMOPUH208UX 00CAIONCEHb BUHAYEHO Pi6eHb padioaKmMuUeHO20 3a0pyOHeHHs depeaHoi 304,
o (popMyembCs y NPUBAMHUX 20CN00ApCMEax Ha 3a0pyoHeHill padioHyKaidamu mepumopii,
ouinumu ii énaue na 3a6pyonenns 3’Cs kapmonai 3a enecenns 30au y rpyum. Y pobomi npo-
AHANI308aHO HAAGHY THOPMAUiI0 Ma OMPUMAHI HOGI OaHI U000 padioaKMmueHO20 3a0pYOHEHHS
depesroi 304u nicas cnasroeanus depesuru. Cgopmosanuii 00’em 301u, 3a6pyoHerol padio-
AKMUBHUM UE3IEM, HABECHI GHOCUMbCA Y TPYHM NI PI3HI KYAbMYPU, NePesadNCHO Kapmonio.
[lokazano, wo y Hu3yi 6unaokis pieens padioakmueHo2o 3a0pYOHeHHs 304U 8 0CeNsIX MeNCYE
i, Hagimy, nepeguuyye Kpumepii gionecents ii do padioaxmugnux eioxodie (>10 kbk/ke).
Jlocaioncents € npodosiiceHHAM NONEPeOHiX MPboX PoKie, a 00epicani pe3yrbmamu Maiu He-
00HO3HAUHY QUHAMIKY, MOMY Us poboma 6i0obpaxicac pe3yrbmamu 5 poKie cnocmepesicetb.

Karonosi caoea: uesiit padioaxmuenuii ('37Cs), 30na depeena, winvricmo padioakmueHo2o
3a6pyonenns, numoma akmuenicmo 37Cs, kapmonas.

BCTYII

BpaxoByioun ekoHOMIUHY CUTYyaIliio, 10
CKJIaJIacs B JleprKaBi Ha CbOTO/IHI, HACEIeHHS,
30KpeMa CLIbChKa CITIJIbHOTA Pa/li0AKTUBHO
3abpyaHenux Teputopiii Ykpaincokoro Ilo-
Jiicest, 3MyIIeHa NIyKaTu GiJIbIil «eKOHOMIUHi»
JKepeJia eHeprii i BUKOPUCTOBYE JJist 00ITPiBy
ocobucTux OyAiBesb Y XOJIOAHUI Iepiof Jacy
HAJIMBHY JIePEBUHY, 1110 Y TIOJICbKUX perioHax
Yxpainn mae pisHi piBHI pasliOHYKJITHOTO
3abpyaHents. HaciizkoM BUKOpPHCTaHHS Ta-
KOl /IePeBUHU € PU3UK OTPUMaAHHS 30JIbHUX
3QJTUTIKIB i3 KOHIIEHTPYBAHHSIM Y HUX Pajiio-
HYKJiiB. BpaxoByioun HU3KY 30JIbHICTD Je-

© M.M. Jlazapes, C.M. €pmoaenko, 2025

PEBUHH, PAIIOAKTUBHICTD 301 MOKE Yy COTHI
pasiB IepeBUNIYBATU Pa/liOAKTUBHICTD Jiepe-
BUHU, a 30epiraHHs Takoi 30711 1 TUM OlabI
BUKOPUCTAHHS 11 SIK 100pUBa MOJKe OIIiHIO-
BaTHUCA 5K JI0JIATKOBE JIKEPEJIO OITPOMiHEHHS
HaCeJICHHS 3aB/ISIKU JIOKQJILHOMY ITi/IBUIIEH-
HIO 30BHINTHBOI CKJIAJI0BOI 103U, Tak i dop-
MYBaHHIO BHYTPIIIIHbOI 1031 OITPOMiHEHHS 32
PaxyHOK Xap4OBUX TPOAYKTIB, 1O BUPOOIIs-
I0ThCST Ha TIpUCcainOHuX fAisstakax. [Ipobmiemi
OLIHKM pajialiiiHoi cuTyallii Ha pucagns-
HUX JIIJITHKAX IIPUBATHUX TOCIIOAAPCTB PajIio-
AKTUBHO 3a0pyJHEHUX HACEJEHUX ITYHKTIB
3a octanHi 20 pokiB Maiike He TPUIIJISIETbCS
yBaru Hi 3 60Ky fepsKaBu, Hi 3 G0KY MiCIIeBUX
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oprauiB BJajiv. € HeurcesbHI HAYKOBI JI0CJi-
JUKeHHS KosteKkTuBiB [losricbkoro HarjioHa b-
HOTO yHIBepcuTeTy, [HCTUTYTy arpoexoJiorii
i npuponokopucryBannsg HAAH, HYBill
Ykpainu. Tomy Ha CchOTO/HI BiJICYTHI 4UiTKi
VSBJIEHHS TI0/I0 3aKOHOMiIPHOCTEN BIJINBY
NpUBHECEHHS PaJliOaKTUBHOI 307U Y IPYHT
IiJT TOPOAIVHY: BiJICYTHI PeKOMeH/IaIlil 1mo/10
00OMesKeHHs PafioaKTUBHOCTI 30/1H, 110 BHO-
CUTDHCS; CIIIBBIIHOIIEHHS PaZli0AaKTUBHOCTI
30JI1 i TPYHTY; HAKOITUYEHHS /[0/IATKOBOI pa-
MIOAKTUBHOCTI PIBHUMHU CiJIbChKOTOCIIOIAP-
CbKUMU KYJIbTYpaMu ToIo. OHUM i3 repumx
00MeKYBaJIbHIX MapaMeTPiB LI0A0 3aCTOCY-
BaHHSI MiCI[€BUX MOOPUB Ha PaiOaKTUBHO
3a0pyAHEHNX TEPUTOPISIX Oy omryOrikoBami
y kamu3i B.C Ilpictepa i3 cniBaBT. «OcHOBHU
CIJTbCBKOTOCIIOIAPCHKOI PAJIi0IoTii» BUIAHO]
y 1988 p., /1e 3a1pOTIOHOBAHO BUKOPUCTOBYBA-
TH MicleBi 0OpUBa 3 IIMTOMOIO AKTUBHICTIO,
[0 TIEPEBUINYE TTUTOMY aKTUBHICTH TPYHTY
He OLIbII 9K y AecsaTh pasis. OgHak gami pe-
KOMEH/IAIlil CTOCYBAJINCS 3aCTOCYBAHHS Op-
raiuHux 106puB (topd, THiil) [1]. Ha Toii
yac, KoJiu BigbyBajiacst TotajibHa rasudikaiis
CIJIBCHKMX HAceJIeHUX IyHKTiB, 30KpeMa Ha
3a0pyIHEHIH PaJiOHYKIiIaMI TEPUTOPIT, 1ist
npobJieMa He BUTJISAaMa aKTyaJbHOIO.

Hapasi Bukopucranss ragy /s omnajeH-
Hs JIOMIBOK y CiIbCbKOI MiclieBOCTI Mailke
MPUITUHEHO 1 3aCTOCOBYETHCSI BUKJIIOUHO T1a-
JIUBHA JIEPEBUHA, a 30JI1a MICJs CIIATIOBAHHSI
BHOCHUTBCS Y TPYHT Ha MPUCATUOHUX JIiJISTH-
KaxX, 110 MOKe IIPU3BECTH 10 30iJIbIIeHHs
PaMiOHYKJIIIHOrO 3a0pyAHEHHS MIJIAHKHA Ta
JI0/IATKOBOTO BHYTPINTHHOTO ONPOMiHEHHS
JIIONIMHU BHACTIIOK CIOKMBAHHA TTPOYKIII,
OTPUMAHOI 3 JAHUX [IJISTHOK i3 TiABUIIEHIM
BMIiCTOM PaJlioakKTUBHOTO Te3io [2; 3].

Mera mociiizKeHHsT — 3'siICyBaTH JMHA-
MiKy 3a0pyaHenns kapromii 3a 137Cs 3a Bu-
KOPUCTAaHHS JIEPEBHOI 301 3 PaliOAKTUBHO
3a6pyIHEHOI JIICOBOI €KOCKCTEMHU K MiHe-
panbHi 100puBa.

AHAJII3 OCTAHHIX TOCIIIZKEHb
I IYBJIIKALIIN

ITpobsiemMa pagioakTUBHOTO 3a0py/IHEH-
H$ JIICOBUX €KOCHCTEM 1 JepeBHOI MPOYK-
ii B Ykpaini micas aBapii Ha HAEC gocutsb

IIMPOKO BUCBIT/IEHA y HAYKOBIiL iTeparypi
[4-7] 1 mae neximpka HpI/IKJIaJIHI/IX ACIIEKTiB.
IMepra pobsiemMa TOB’sI3aHa 13 pagioJioriv-
HUMU TTapaMeTpaMu OOMEKEHHsT BUKOPUC-
TaHH JePEBHOI NPOAYKIIil, I110 BUPOOISAETHCS
Ha 3a0pyAHEHIN pagioOHyKJIiIaMi TePUTOPIT
(F'HITAP-2005- ririeniunuii HOpMaTUB H-
TOMOI akTUBHOCTI pagionykiais 137Cs Ta 90Sr
y IEPeBUHI Ta MPOAYKITii 3 nepeBunn) [8; 9],
1o o6mexky1oTh BMicT 137Cs 1 90Sr y nanusHiii
nepesuni (I1/1) Ta manmBHUX TMy4YKax,/XMu3i
JUTSE OCOOUCTHX MiICOOHUX TOCIOAAPCTB Ha
pisni 600 Bk /kr no 37Cs i 60 Bk/kr 1o 2Sr.
OpHak pagianiiiHa cuTyalis Ha 3a0pyAHEeHii
paZlioHyKJIiIaMu TEPUTOPii, 30KpeMa y TiB-
HiyHiil yactuni JKuromupebkoi Ta Kuisebkoi
00J1., OCTAaHHIM YacOM 3MiHIOETbC Y GiK M-
BUIIEHHST TUTOMOI aKTUBHOCTI Pa/liOHYKJTi/TiB
Yy KOMIIOHEHTaX [I€PeBOCTAHY Ta 3POCTAHHS
CYMapHOTO BMICTY Pa/lioHYKJII/IIB Y /IepEeBUHI
[10]. OmintoBaHHS AWHAMIKYE 3MiHU TLTOII
JICOBUX IiISHOK, B SIKMX OyZe MOXKJIBE BU-
POGHUIITBO JIEPEBUHU 3 TIUTOMOIO aKTHBHI-
ctio 137Cs menme 600 Bx-xr!, mokazanu, 1o
HUHI /I8 BUPOOHUIITBA MAJMBHOI JIepPeBUHN
MO’KHA BUKOPUCTOBYBaTH 6113bK0 60% Beix
TJIOT JicHUIITBA 2-1 30HU JKUTOMUPCHKOI
0061, uepe3 10 pokiB 1 MIoIIA csAraTuMe 10
69% i B 2037 p. cranoButnMe 87% Bij 3a-
raiapHol o, Jlume gepes 50 pokiB y Bcix
JICHUIITBAX MOJKJIUBO OYJi€ 3aroTOBIIOBATH
HajuBHY gepeBuHy 6e3 oOMexeHb. To6To 3
gacoM micis aBapii Ha YAEC 36imbImaThest
IJIOIIII JIICOBUX €KOCHCTEM, Jie MOJKHa 3aro-
TOBJISAATU JIePEBUHY /IJIS1 11aJIMBa Bi/IIIOBI/IHO
JI0 BCTAHOBJIEHNX HOPMAaTHBIB.

Icuyioui nopmaTuBu Oy po3paxoBami
Tak, MO B 0COOMCTHX MiICOOHUX TOCTIOAAP-
CTBaX 32 BUKOPUCTaHHSI 30JI1 sIK JI0OpUBA 3a
TaKUX PIBHIB 3a0pyAHEHHS IIaJUBHOI gepe-
BUHH, He Oyjie BiAMIiYaTHCS TepeBUICHHS
JOMYCTUMUX PIBHIB 3a0pyJHEHHS PalioHYy-
KJIJJaMU CLIBChKOTOCTIOIaPChbKOI MPOAYKITil
(xaprorui) [11].

JlpyriuM oOMeKyBabHUM YMHHUKOM 3a-
CTOCYBaHHS JIePeBHOI 3041 sIK 106puBa €
«Pexomenparttii 3 BeJleHHsI CiTBCHKOTOCIIO-
JApPChbKOTO BUPOOHUIITBA Ha 3a0pPyAHEHI
PaliOHYKIiIaMU TePUTOPIi», /le 3alPOIIOHO-
BAaHO BUKOPHUCTOBYBATH 30J1y, SIKIIO [TUTOMA
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PaJIi0AKTUBHICTD 30JI1 He TIEPEBUIILYE TTUTOMY
AKTUBHICTb TPYHTY, B SAKiil BOHA BHOCUTHCSI.
OO6uBa 0OMEKEHHST MalOTh JIOCUTH HAasIBHI
HPOTUPIYYS: TI0-1IEpIILe, € myOriKaitii, 1e pos-
[JISJIAI0TLCS 111 IIMTAHHS 1 CTBEP/KYETHCS, 1110
11l HOPMATUBHU € 3aHAJTO KOPCTKUMH, 30K-
pema 1o 9Sr, ToMy 110 BeJUKi MacUBH JCY
I ANAAA0Th 1111 3a00POHY iX 3aCTOCYBAHHSI SIK
TTAJINBHOI /IePEeBUHM; TT0-/IpyTe, HaBiTh 3a Ta-
KUX HOPMATHBIB 30413, 1110 3aJINIIAE€THCS TCIs
CHAJIIOBAHHA JIEPEBUHHU, Yepe3 HU3bKY 30JIb-
HICTh Ma€ BUCOKY Pa/liOaKTUBHICTB, 1110 Haba-
raTo IepeBUIy€e MUTOMY aKTUBHICTb IPYHTY
y GiIbIIOCTI HACEJEHUX MYHKTIB MOJiChKOT
30HM 1 30J1a MOXKe OYTH JIOIATKOBUM J[Kepe-
JIOM onipoMinenHst nacenenns [12; 13].

MATEPIAJIN TA METOAN
JOCIIIXKEHD

B ekcrieppuMenTax BUKOPUCTOBYBAJIU 3001y
i3 BmicTom 137Cs, mo BigiOpana B MpUBaTHUX
rOCIIOIapCTBAaX HaceJeHUX MyHKTIB OBpyIlh-
koro i Hapoautipkoro p-uiB sKutomupcbkoi
00J1. T1i]] YaC BUKOHAHHS MOHITOPUHTOBUX JI0-
caijpkend [14].

3pasku 3021 Baroio Biz 0,2 10 2 Kr Bigbu-
pasicst 6E3MOCEPEHBO Y MICIIAX YTBOPEHHS
(nevax, rpyGax Ta im.).

lamMa-cmeKTpoMeTpUYHI AOCTiAKEHHS
BifliGpaHUX 3pa3KiB 30711 TIPOBOMIINCH Y Jia-
Goparopii saepHo-(DIBMIHNX METOIIB aHAI3Y
i pamioximii YkpH/IICI'P Ta ma xadempi 3a-
raJbHOI eKoJIorii, pagiobiosorii Ta Gesnexu
sxurrenigabocti HYBill Ykpainu. Ilepen
ramMMa-creKkTpomerpicio Ha BmicT 37Cs 3pas-
K11 307111 OYJI0 BUCYIIIEHO JI0 IOBITPSTHO-CYXO0-
rO CTaHy, MPOCIIHO Yepe3 CUTO 3 JiaMeTpoOM
OTBOpPiB 1 MM Ta peTeIbHO TOMOTE€HI30BaHO.

Buwmipiosanus nuromoi aktusnocti 137Cs
y HOIEPeaHbO IATOTOBAEHUX IPOOax 3011
3/IiFICHIOBAJIOCS Ha TaMMa-CIIEKTPOMETPi 3i
cuuaTudiiitauM nerekropom CET-001-63
(AKII, Ykpaina). BumipioBanusi BUKoHyBa-
JI1 B TIOJTieTUJIEHOBUX €MHOCTSIX Mapiner-
ai o6’emom 1000 cm? Ta y emuoCcTsIX [leHTa,
o6’emom 130 cm3. Tloxubka BUMipIOBaHHS
3Haxojuacs y mianasoni 8—11%, 3anexHo
Bi/l aKTUBHOCTI 3Pa3KiB.

Beboro Busnausannsa smicry 137Cs 6yiio y
52 3paskax 30/ MAJUBHOI IEPEBUHM, 3 TKUX

IS TIOJIAJIbII01 poboTH chopMOBaHO 4 3pas-
KU 30411 110 2 Kr 3 aktusHicTO 1,3; 6,0; 8,0 i
13,0 kbx/xr.

3 MeTOI0 BCTAHOBJIEHHS iHTEHCUBHOCTI
nepexony 37Cs 3 rpynry y kiayOHI KapToIui
3a 3aCTOCYBaHHSI PAIOAKTUBHOT 30J1H SIK /100~
pUBa BUKOPUCTOBYBAJM IOJITOH, 1110 cop-
moBanuit YkpH/IICTP HYBIll Ykpaiau y
JPYTiil 30HI pafiioaKTUBHOTO 3a0pyAHEHHS
(u. . XpucruniBka Hapoauibkoi OTT). 3a
MOTIePeIHIMI IOCTIIKEHHAMY GYJI0 BU3HAYE-
HO TTBHICTD PAiOaKTHBHOTO 3a0PyIHEHHS
rpynty 37Cs — 115 kBk/M?% (muroma akTUB-
nictb 450+60 Bk /kr).

[Iotma esreMeHTapHOI STHKY Y OCTiIaX
6/m3bk0 3 M2 (1,75 M x 1,75 m). [lupuna 3a-
XUCHUX CMYT MiXK eJleMEeHTapHUMM JLiJISTHKA-
mu — 0,5 M. /lo3a BHECEHHST 3011 HA €JIeMeH-
TapHuX AisHkax cranosuna 1 1/ra (0,1 kr/m?2),
a6o 0,3 kr/ainsgHka. Beboro y KokHOMY 0C-
i Gysio 6 BapiaHTiB y 3-KparHiil mOBTOP-
HOCTI.

Jlnst oninosanns nepexoay 37Cs y mammi
TPYHT—POCJNHA 32CTOCOBYBATIM METOJT «CITPSI-
SKEHUX» TIP00.

3pasku 660 KapToIuTi ¥ TI0JIHOBOMY J10C-
JUL micas JOCSTHEHHST CTUTJIOCTI BigOupa-
JINCS Ha eJIeMeHTapHMX ALISHKAX 3 00JIIKOM
YCbHOT'O BPO’KAIO KOJKHOTO KYII[a, IIOMilaInuCh
y TIOJIIeTUJIEHOBI MITIKN Ta MapKyBaJINCh.
ITicia gocraBku B 1a00paTopilo, AMs KOXK-
HOI TIOBTOPHOCTI JOCJIIHUX BapiaHTiB GyJI0
¢(hOPMOBAHO TPEACTABHUIIBKI TPOOU.

PE3VYJIBTATI
TA IX OBTOBOPEHHS

Jocaigxenns sabpyanenns 37Cs gepes-
HOI 30/ B IPUBATHUX TOCIOIAPCTBAX 3ili-
CHeHO y 3 HaceJeHUX myHKTax OBPYIbKO-
ro (c. biryns, c. Moxapu, c. [limanuist) ta
2 Hacesennx nmyHkrax Hapoguibkoro p-HiB
(c-me Hapoauui ta Ceenp) JKuromupcebkoi
006J1. IPOBOJIUJIN BIIPOJOBIK AEKiJIBKOX PO-
KiB — 2017 p., 2022 p. 1 2024 p. lani Hacese-
Hi ITYHKTH, 3HAXO/AThCS HA Pi3HIN BifcTani
Bijinocno YAEC, na tepuropisix i3 pizHoIo
miabHicTio 3a6pyanenns 37Cs i y pisHux
30HAX PaJi0aKTUBHOTO 3a0PY/IHEHHS Bi/IO-
BisiHO 110 3akony Ykpainu «IIpo nmpaBoBuii
PEeXUM TEPUTOPIi, IO 3a3Hasa PaJioaKTHBHO-
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Tabauus 1. [luroma aktusHicTs 37Cs y 1epesHiii 3071i OKpeMUX HACENEHHUX MYHKTIB
niBHiYHUX paiionis YKuroMupcpkoi 061.

. ; 137 Iuroma aktuBHicTh ¥7Cs y 301, Bk/kr
O6uractb/paiton | Hacenenuit myHKT KB/ [’1 9]
2017 p. 2022 p. 2024 p.

c. Moxapu 43 4752+5338 6230+4640 5400£2200

OBpy1bKHiT c. Ilimannms 93 3765+3842 4860+4880 4600+3200
c. birymp 75 6722+5800 7600£5240 7000£3200

Hapo i c-me Hapoauui 226 10901+10860 | 1190010600 | 14000+8600
POHbICHH c. Cenentp 230 12300+8860 | 1652018600 | 1550012000

ro 3a6pyaHeHHs BHACAIA0K YOpHOOUIBCHKOT
katactpodu» [15] (maban. 1).

SIk BUAHO 3 pe3ynbrariB maobn. 1 nuroMa
akTuBHicTh 137Cs y 3paskax 30/1 HaJUBHOI
JIePEBUHN KOJIMBAETHCST y MMUPOKOMY riana-
30Hi 1 TEHIEHTIII IO/I0 3HM;KEHHS aKTUBHOCTI
PAIIOHYKJIITY Y IePeBHill 30711 BIIPOJIOBIK Yacy
cIiocTepekeHb He criocTepiraerwes. Lle mima-
KpECJI0e BUCHOBKH criBpobiTHUKiB HY Bill
Ykpainu, 110 10111 JiCOBUX JIISHOK, B IKUX
Oy/ie MOKJINBE BUPOOHUIITBO JIEPEBUHMU 3 K-
Tomoio akTuBHicTIO 137Cs Mente 600 Br-kr?
y APYTiil 30HI pagioaKTUBHOIO 3a0pyAHEH-
Hs Ha nouaTky XXI cT. ctaHoBUAM Ha piB-
Hi 50-60% i 36iblIeHHS TaKKUX 1101 Oy/1e
BinOyBaTHCS MOBLIBHO csAraioun Maitxke 90%
y 2037 p. i aume yepes 30 poxkiB y Bcix Ji-
COTOCITOIAPCHKUX MiIMTPUEMCTBAX MOXKHA Y
MalibyTHbOMY 3arOTOBJATH HAJIUBHY Jepe-
BuHY 6e3 obmeskenb [10]. Bee 1e cigunrh
PO Te, IO CUTYaIlid i3 3aCTOCYBaHHAM pa-
JM0aKTUBHOI 30/1M Ha TPUCAAUOHUX JiJIsTH-
Kax MeNIKaHI[B TePUTOpPil, 1o 3abpyaHeH]
YOPHOOMIBCHKUMHE PAIOHYKJTiIaM, GyJIe 1i1e
TpUBaTU MOBTUH Yac. /Jlana cutyaiisg Moxe
OyTH TIOSICHEHA THM, 1[0 Ha ChOTOJIHI BifCyT-
HsI OpraHi3oBaHa 3arOTiBJIS MAJNBHOI /epe-
BUHHA JJISI MICIIEBOTO HACEJIEHHS 1 4aCTO MeIIl-
KaHI[i 3arOTOBJIAIOTH MOPA i3 cTOBOYpaMu
JIePeB TiIKU, aKTUBHICTH SKUX MOJKE iCTOTHO
[ePEeBUIIYBATH PaAiOaKTUBHICTh CTOBOypa
[16; 17].

PesyunbraTu, 110 mpeacTaBieHi y maon. 1
IMOKa3yIOTh, MO y IUX HACEeJeHUX MyHKTaxX
MATOMA AKTUBHICTH 30JIH, 1[0 YTBOPIOETHCS Y
Tmevyax CiIbChKUX METIKAHIIIB TTi/T Yac CIaJTio-
BanHs nasuBHOI fepeBunu y 2022 i 2024 pp.
JIe1o 301IbInnaacs MOpiBHAHO 13 JOCHTi-

sKeHHsamuy, mo Oyau nposeneni B 2017 p. o
Toro & y 2017 p. 4,5% BigiGpanux 3paskis
30/ y TPUBATHNX TOCHO/apcTBax ¢. Moxa-
pu 3a Kpurepiem nuToMoi aktusHocti 37Cs
(10 xbk/Kr) € HU3bKOAKTUBHUMHU PaJli0aK-
TUBHUMHU BIAXOJaMU BifTIOBIHO 0 TIOJIO-
sxeab OCITY-2005 [18], a 2022 p. Brazauwuii
HOPMATHUB MEPEBUIICHUI y 7% TIPUBATHUX
TOCTIOIAPCTB JIOCTi/IKEHNX HACEJICHUX TTYHK-
TiB. Y Hacenenomy nyukTi Ilimanuisa meit
nokasauk y 2022 p. 36inapmusest 1o 10% mo-
piBHsiHO 13 7% y 2017 p., y c-mii Hapomauui Bix
22% no 27%.

Pajioekosoriuni aciekru 1iei mpobaemu
TTOKM IO He 3HAUTILIN IUCKYCIITHOTO XapaKTe-
Py y HayKOBIiil JiiTeparypi, ajie MOKHA KOHCTA-
TyBaTH, 1O CLIbCHbKI OyAnHKH (BipHile meyi)
MOCTYMOBO TIEPETBOPIOIOTHCS HA CXOBUIIE
PalioaKTUBHUX BiJIXO/IiB, 1110 3aJUIIAIOTHCS
BiJl criayoBaHHs JiepeBUHU. J[pyruit acnekt
1€l MpoOIEMU CTOCYEThCST TPAUITIITHOTO BU-
KOPUCTAHHS JIePEBHOI 3014 3 HEBIIOMUMU
PIBHSMUE PaIiOHYKJIIHOTO 3a0PYAHEHHS Ciilb-
CHKUM HaCeJIEHHSIM sIK JI00pUBa-MeTiopaHTa
JUUIA TBUNIEHHS POJIOYOCTI IPYHTY Ipuca-
JIMOHUX AIJISTHOK, Ha SIKUX BUPOIILYIOTh TOPO-
JINHY, TEPEBasKHO KapTOTLITIO.

K10 posrisigaTu cuTyaIio, KoJam paio-
aKTUBHA 30J1a 32 TPUBAJOTO 1i BHECEHHS B
TPYHT Ti/l KApTOTLIIO MOKE PO3TJISIATUCS SIK
JKepPesio BTOPUHHOTO 3a0pyIHEHHs IPYHTY
i POCMHHOI MPOAYKIlil, TO Taka CUTYaIlis
Ma€ BifoOpakaThCs Ha PIBHSAX 3a0py/iHEH-
HS KapTOILT pajioakTUBHUM Ile3iem. Harmri
JIOCJTI/IKEHHST BUSTBUJIN, 1110 Y BUIIEBKA3aHUX
HACEJIeHUX IyHKTaX MUTOMa akTUBHICTD 137Cs
He TIepPeBUIIYBajia BUMOTH iCHYIOUUX HOpMa-

usis (J[P-06) [19].
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3 pesyJbTaTiB MpencTaBaeHux y maba. 2
BU/IHO, 1110 B JKOZHOMY HAaceJIEHOMY IIyHK-
Ti Tmroma akTuBHicTh 137Cs y Gynnbax He
IepeBUIIYE BUMOT JIepsKaBHUX TITIEHIYHUX
HopMmatuBiB — 60 Bx/kr i 11e 3a ymMoB, kosin
MEIITKAHTIl IINX HAaceJeHNX MMyHKTIB peryJsip-
HO BUKOPUCTOBYIOTb 3041y sIK 106puB0. To6TO
PaBOMIPHICTh PEKOMEHIAIIN 1010 0OMe-
JKEHHSI BUKOPUCTAHHS MIiCI[eBUX J00pUB i3
MUTOMOIO aKTUBHICTIO HE BUIIE 32 TTUTOMY
AKTUBHICTD I'PYHTY BUIJISJIAE 3aHAJTO KOP-
cTKOT0. [IMTOMa aKTUBHICTD TPYHTY, Ha SIKUX
BigOupamucsa npobu Oy/abpd KapTOILI Ha TOP-
(hoBUX 1 1EPHOBO-TII30TUCTUX TPYHTAX KO-
guBanach y Meskax 300—-600 bx/xr. Binpin
BMCOKI PiBHI 3a0pyIHEHHS KapTOILIi 110sIC-
HIOIOTBCS BJIACTUBOCTAMU TOPGOBUX IPYHTIB,
a caMme BUCOKUMU KoedillieHTaMU TTIePeXO/Ly.

Y ma6a. 3 nogani ycepenneni 3HaYEHH
nuTomoi akTusHoCTi 137Cs y Gynpbax kapTori
coptry CraB’sHKa Ha JIEPHOBO-TT I30JTUCTOMY
IPYHTI B yMOBaX II0JIbOBOT'O JIOCJIiLy 3a 3aCTO-
CYBaHHSI sIK T0OPUBA IePEBHOT 30711 3 Pi3HU-
MU PIBHSIMU PAiOHYKJIIHOTO 3a0pyAHEHHSL.

Orxe y maba. 3 HAOYHO TPEJCTABIEHO,
mo B 2022 p. piBeHb paZioaKTUBHOTO 3a-
OpyaHeHHst Oysib0O KapTOILUH y BapiaHTax 3i
MIPUBHECEHHAM JTOJATKOBOI aKTUBHOCTI pa-
30M i3 3071010 (TTUTOMA aKTUBHICTH 3041 8,7
i 13,7 kBk/kr) 6yB y 2—3 pasu BUIIUM 32
MMOKA3HUKU MUTOMOI aKTUBHOCTI KapTOILTi
Ha KOHTPOJBHIN AingHIi. BriM anamisyio-
4K pesyJbraTh MToMoi aktusHocti 137Cs y
Oynpbax kapromwn B 2023 i 2024 pp. MoxKHa
3ayBaKUTH, IO Teil MOKa3HUK TTPOIOBXKYE
Gy TH BUCOKHMM y BapiaHTax i3 MAaKCUMATbHOO

Tabauus 2. [utoma aktuBHicTs 137Cs y Gyab6ax kapTomwti BigiOpanux
Y KPUTHYHHX HaceJeHuX nmyHkrax PokurHiscbkoro puy PiBHencbkoi 00u. Ta c-ma Hapoauui
JKuromupcokoi 06a. (cepeane+STD) (2022-2025 pp.)

Munamika nurtomoi akrustocti 137Cs y Gyinbax, Br/kr+ STD
Haceneni mynkru
2022 p. | 2023 p. | 2024 p. | 2025 p.
Pisnencoxa oba. (mopgosi rpyumu)
c. Crape CeJio 16+9 20+15 14+13 17+10
c. Bexunst 1717 12+6 1511 17+17
c. /Ipo3autn 21+12 24+21 26+20 22+14
c. [Tepexonuui 21+11 11+5 9+3 23+10
JKumomupcvra ooa. (0eproso-nio3oucmi rpynmu)

c-me Hapoxuuai 2+1 5+1 442 6+2
c. Moxapu 12+7 9+5 8£5 9+2
c. [limanurs 18%6 15+4 24+12 18%7

Tabauus 3. ITuroma aktusHicTs 137Cs y 6y/1p6ax Ha 1€PHOBO-IIA30JIMCTOMY IPYHTI
s kapromi copry CiaB’ssHKa B yMOBaXx MoJiboBOro gociixy 3a 2022—2024 pp.

(cepennexSTD)

Ne BapianTa [losa ITutToMa aKTUBHICTD [Mutoma akruhicts | [utoma akrusuicTs!37Cs
TTuroma aktuBHicTh | BHecenus | '37Csy 6ymbbax, Bk/kr | 137Cs y Gyapbax, Bx/kr y Gymbbax, Bk/Kr
137Cs y 3oni, Bk/kr | 3omm, T/ra (2022 p.) (2023 p.) (2024 p.)

Kontpoms 1 1,6 £1,8 2,2+20 26+1,4

1390 1 3,7£0,5 35+18 38+14
3500 1 4,0+£0,8 4,8+20 54+20
6700 1 52+04 50£1,6 6,0£1,6
8700 1 6,4+1,0 8,0+19 70+25
13700 1 9,0+0,8 55*1,6 8,5+ 2,0
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pazgioakrussictio 37Cs y 30i1i, aje nepesu-
menHs BuMor /IP-06 He crmocTepiraernbces.
Tomy npuBHecenHs pagioakTusHocTi (137Cs)
y IPYHT i/l KAPTOILIIO i3 30JI010, PAZli0aKTUB-
HicTh siK0i B 10 pasiB mepeBuIIy€e pajioak-
TUBHICTD TPYHTY HE MPUBOAUTD /10 IOCTOBIP-
HOro 301JIbIIEeH S PaJiOaKTUBHOCTI KapPTOILIL.
3pocTaHHs pafioakTuBHOCTI 301 10 30 pa-
3iB MOPIBHAHO 3 MUTOMOIO akTHBHICTIO 137Cs
y I'PYHTI 3yMOBJIIOE IOCTOBIPHE ITiIBUIIICHHS
MATOMOI aKTUBHOCTI PaJli0aKTUBHOTO 130TO-
1y B KapTorii. BpaxoBytoun Te, 110 mutoma
AKTUBHICTH KaPTOILJI Y KOJTHOMY BapiaHTi He
nepesuntyBasia sumoru /[P-06, To i 30-kpaTHe
301LmbIenHa muToMoi akTusHOCTI 37Cs y 30711
HaJ TUTOMOIO PaliOaKTUBHICTIO TPYHTY He
MOJKE CIIyTyBaTH OOMEeKEeHHSAM I il 3acTo-
CyBaHHS Ha JIEPHOBO-TI30JTUCTUX IPYHTAX
31 MIIBHICTIO pafioakKTUBHOIO 3a0py/HEHHS
137Cs 115 kbx /M2, sik y Hamomy gocaiai. Ile
MUTAHHS HE MOKHA TPAKTYBATH OXHO3HAY-
HO 3 TOUKU 30pY BILIMBY JI0/IaTKOBOTO BU-
KOPUCTaHHS PaZioaKTUBHOI 30JIU T Pi3Hi
CITBCHKOTOCTIOIAPCHKI KYJIbTYPH, 30KpeMa
0BOYEBI, aJjie pobJjieMa 3aCIyTOBYE Ha yBary,
0COGJIMBO Yy Yacu BiiCbKOBUX i, KOJU 00-
MEKEHUN JOCTYT 10 MiHepaJabHUX H100PUB
1 kamio 3okpeMa. Bimomo, 110 fepeBHa 3071a
€ JKepesioM GaraTboX MiHepaJIbHUX PEYOBUH
1 3acTocyBanHd Ii y peKOMEHI0BAHUX /103aX
1 T Ha ra Mo)ke 3a/10BibHUTH (pi3iosoriuni
noTpebu POCIIMH y Kaslii, IKill € KOHKYPEHTOM
IS 11e3i10, a 3[aTHICTD 30JIM BILJIMBATU Ha
3MEHIIEHHST KUCJIOTHOCTI TPYHTY, 32 PAXYHOK
JIY3KHO-3€MeJIbHUX METAaJiB, CIIPUIE 3MeH-
HIEHHIO IOCTYIIHOCTI pafiioHyKJIi/iB.

3a3HavyeHHi acreKkTu 1norpedyIoTh IIpoBe-
JIEHHSI [OJAJIBIINX JIOCHKEHb Ta PO3POOJICHHST
BIZIMOBIZTHUX PEKOMEH/IAITIH TT0/10 TIOBO/IKEHHS
i3 3a0pPy/IHEHOIO PAIOHYKJIiIaMH 30J1010.

BUCHOBKH

3oJ1a € yHIKaJIbHUM KOMILIEKCHAM A00pH-
BOM 1 XapaKTEePU3YEThCS SIK JHKEPEJIO 6araTbox
GIOreHHUX MAaKPO- Ta MiKPOEJIEMEHTIB, IIPOsIB-

JISIE BJIACTUBOCTI MEJIIOPATUBHOTO XapaKTepy
MTOKPAIYIOUM MeXaHiuHi BJIACTUBOCTI IPyH-
Ty, HelTpasisye Kuci rpyuTu. Jlocaiakenns
I10/10 BUBYEHHS HACJIAKIB OHaraTopasoBoro
3aCTOCYBAHHS PaTi0aKTHBHO 3a0pyaAHEHOI
30JI1 TIiJl BUPOTILYBaHHS KapTOILJIi MOKA3aJIo0,
110 B HACEJIEHUX ITYHKTaX JPYT0i 30HU «30HU
6e3yMOBHOTO (000OB’SI3KOBOI0) BiJICEJIEHHS»
Ha npukJazi c-ma Hapomai BincyTHiit pagio-
JIOTITYHUI KOHTPOJIb i/l Yac 3aroTiBJIi aIuB-
HOI JIepeBUHU JIJIs1 OTIaJIEHHS JIOMiBOK.
PiBeHb pajlioakTUBHOTO 3a0PYIHEHHST Jie-
pesHoi 30/ 137Cs y mpuBaTHHX rocrogapcrsax
c-ma Hapoanui komuBases Big 4000 bk /xr
1o 22000 Br/kr (piBeHb 3a0pYIHEHHS BUIIE
3a 10000 bk /kr knacudiky€eTbes K paiioax-
TUBHI Bijixonn ). Maca 30, 1110 HaKOTTMYY€Th-
¢Sl y TIPUBATHUX TOCTIONAPCTBAX 32 3UMOBHIA
nepioji, kosmBa€eThest Big 60 g0 100 kr.
BcranosiieHo, 110 BUKOPUCTAHHS Pajiio-
AKTUBHOI 30JIM Ha TPUCAAMOHUX JIISTHKAX
MelllKaHIliB c-1ma Hapoauyi ne mpusseso 10
TTepeBUIIeHHST BUMOT Jiep:KaBHUX TiTi€HiU-
HUX HOpMaTUBiB y Kaprorui. [Iutoma aktus-
nictpb 137Cs y kapromi GyJia B Mexkax Biz 8 10
22 bx/kr (omycTUMUil piBEHb PaliOaKTUB-
HOTO 3abpyaHeHHs Kapromm 3a JIP-06 —
60 bk/kr). Bcranosiieno, 1o 3acrocyBaHHSs
3abpyanenoi 137Cs gepeBHOi 30111 3 PizHOIO
nuromoto aktuBHicTio (1300-13700 bk /kr)
SIK I0OpUBA IIiji KAPTOILIIO HA JEPHOBO-Ce-
PEIHbOII/I30IUCTOMY OIJICEHOMY IPYHTI 3 11~
ToMOI0 akTuBHicTIO 137Cs y IpyHTI He criprin-
HUJIO TiepeBUIleHHsT BctanoBsenoro /[P-2006
porycTumoro pisnst Bumicry 137Cs y Gyapbax
KapToOILIi, ajie IOMITHA TeHIEHIis 10 301i/b-
[IEHHsI PagioakTHBHOCTI OyJIb0 KapToILii 3a
3POCTAHHS PAJI0AKTUBHOCTI 30JIH.
3aTUNIa€ThCA He BU3HAYCHUM MUTAHHS
MaKCUMATbHO 'PAHUYHUX 3HAYEHD PiBHIB pa-
M0AKTUBHOTO 3a6PyAHEHHST IEPEBHOT 30711 Ha
TEPUTOPIi 3 Pi3HOIO TIITBHICTIO PAiOAKTUB-
HOTO 3a0pyAHEHHS, 1[0 AACTh MOXKJIUBICTH
OTPUMATH KapTOILIIO BiAIIOBIIHO /10 BUMOT
CaHITapHO-TITIEHIYHNX HOPMATHUBIB.
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CITIOCIb INIABUIHIEHHA ITPOAYKTUBHOCTI
CUIbCBKOTOCITIOJAPCBKUX KYJIbTYP
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B ymosax 3pocmarouux eukaukie npodoeoavyoi beanexu ma HeeamugHo2o 8NAUBY 3MIH KAIMA-
my cmpameeiunoeo 3Ha1eHHs Haby8ae nidsuueHHs eheKMUBHOCMI aepapHoeo 8UpobHUYMEa,
30Kpema wasxom onmumizauii wcuesenns pocaur. OOHUM i3 MaKux cnocobie € no3aKopeHese
niodcusnents, wo 3abezneuye wigudke ma epeKmueHe HAOX00NCEHHS NOJNCUBHUX PeHOBUH
Y pocauHu, ocobaueo @ nepioou, KoAu NOAUHAHHA eAeMeHMI8 JHCUBAEeHHS 3 TPYHMY obme-
acene. Memoro docaidicenns € y3aeanvHenHs HAYKOGUX Ni0X0die i npakmuunoeo 00c8idy
3aCcmMocy8anHs N03aKopPeHe8oe0 NidNCUBNeHHs AK epeKmueHo20 cnocoby 30inbiieHHs 8po-
JcatiHocmi OCHOBHUX 3ePHOBUX KYAbMYp (NuleHuys, KyKypyosa, puc, icumo, aumiHs, osec,
npoco). 3diticneno Gidnioepaghiunuil NOULyK i KOHMeHm-ananiz nyoaiKayii y MiscHapooHux
i HauioHanbHUX HaAyKo8uX 6a3ax, 6UKOPUCMAHO MemOOU NOPIGHANbHO20 MA AHANIMUYHO-
0215006020 ananizy. Pezyavmamu docaidncenns nokazaau, w0 nozakopeneee HeCeHHs
dobpus cnpusic nidsuuieHHIo 8poJcatiHocmi ma aKocmi 3epHa (nueHuyi, KyKypyosu, pucy,
AuUMeHto, ducuma, gieca ma npoca). llidxcuenenna y Kkpumuuni gazu pocmy cmumynoe
hizionoeo-obioximiuni npoyecu, 36inbuye emicm xa0poginy, akmusHicms omocunmesy,
HakonuyeHHs Oinka i 8yenegodie, noainulye cmpyKmypy 8pojcaro ma eaemenmu npooyk-
muerocmi. Ocobau60 epeKMUBHUM € 3ACMOCYEAHHA KOMNACKCHUX 000pUs, MIKpoeseMeHmie
(Zn, B, Mn, Cu, Si, S ma in.), opeano-mineparvHux i HaHOGOPM, W0 NOCUNIOIOMb 3ACBOEHHS
NONCUBHUX PeUOBUH, CMIUKICMb POCAUH 00 nocyxu, 3aconenns. [lozaxopenese nidxcueren-
HSL MaKodic 3MEHULYE eKoA0iuHe HABAHMAJICeHHS HA AepPOeKOCUCMeMU 3a80AKU 3HUNCCHHIO
empam azomy, NOKPAUWAHHIO eheKmUBHOCMI GUKOPUCMAHHS NOJNCUBHUX eNeMeHmi8 000-
pué i 3MeHuleHHI0 pusukie 3a6pyonenus rpynmie. Omoice, makuil cnocié eHeceHHs 000pu8
€ Hegi0 €MHUM eNeMeHMOM iHMe2POBaH020 YNPABGAIHHS JHCUBNCHHAM POCAUH | 8ANCAUBOIO
CKAA006010 CMAN020 3eMAepobCmea, CHPAMOBAHO20 HA NiOBUUIEHHS NPOOYKMUBHOCHI Cinb-
CbK020CN00apCbKUX KYAbmyp, 30epedceHHs pooouocmi TpyHmie i 3abe3neuenHs npo0ogoavuoi
be3nexu.

Karuogi croea: jncusirenus pocaut, y0oOpeHHS poCAUH, MEXHOA02IS BUPOULYBAHHS, 3ePHOBI
KYAbmypu, 8pOdCatiHicmy, AKicmb NPOOYKUii, echekmusHicmo, MiKpoeaemeHmu, CmiiKicmo.

BCTVYII

DOL: https://doi.org/10.33730/2077-4893.4.2025.345451

3 MiIBUIIEHHSIM YBaru J0 TPOJI0BOJILYOI
Ge3MeKn Ta 3pOCTAlY0I0 HETATUBHOIO €10
3MiH KJiMaTy IlocTa€e cTpaTeriute 3aBJaHHs
nocuJieHHs1 e(heKTUBHOCTI arpapHoOro cek-
topy [1; 2], mo nepeabayaec 3acTOCyBaHHS
CyYaCHUX iHHOBAIIMHUX METOiB Ta CTaJNX
MIPAKTHK.

Y Hu3Il arpoTexXHOJIOTIYHUX 3aX0/IiB BU-
POIIYyBaHHS CLIBCHKOTOCTIOAAPCHKUX KYJIBTYP
YiJIbHE MiCIle 3aiIMalOTh TEXHOJIOTI] JKUBJIEH-
Hs pocauH [3], SKi Aaf0Th 3MOTY ITi/[BUIIIUTH
BPOKAHICTD Ta SIKICTh BUPOIIEHOI TTPOIYK-
11i1, MOTMIIUTY arpoOXiMiuHi TOKa3HUKHU IPYH-

© 0O.C. [lem’stmior, O.I1. [loarasa, 2025

Ty, 3HU3UTH HETATUBHUI BIJINB Ha HABKO-
JINITHE TIPUPOJIHE CepeloBUIILE.

CyuacHe 3emyepo0OCTBO (YHKIIIOHYE B
YMOBax 3aroCTPeHHs HACJTiJKIB KIiMaTH4-
HUX 3MiH, IHTEHCUBHOI €KCILIyaTallil IPYHTiB
Ta BUCHaKEHHS IXHBOI POAIOYOCTI, 110 006-
MEXKY€E peatisallifo TeHeTUIHOTO TTOTEeHITiaTy
CLJIbCBKOTOCTIONAPCHKUX KyAbTYp. Hacmiakom
JleTpa/iallii IPyHTIB B arPOEKOCUCTEMAX € 3HU-
JKEHHs IMOTeHLIIHOI Ta aKTyaIbHOI POLIOYO-
CTi, 1[0 BU3HAYAETHCA BTPATOIO OPraHiuHOI
PEYOBUHHU, 3MEHIICHHSAM BMICTY OCHOBHUX
MaKpo-, Me30- i MiKpOeJieMeHTiB, Ta Hera-
TUBHO BILUIMBAE HA PICT i PO3BUTOK ClJIBCHKO-
rOCIIOZIAPCHKUX KYJBTYP, a TaKOX Ha IIPO-
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NYKTUBHICTb arpolleH03iB Ta €KOHOMIUHY
edexkTuBHicTh BUpoGHUITBA [4]. B Takux
YMOBaX OITUMIi3allig XKUBJICHHS POCIUH Ma€
OJIHE i3 KII0YOBUX 3aBAaHb 301/IbIIEHHS IIPO-
JAYKTUBHOCTI CiJIbCbKOTOCIIOJAPCHKUX KYJIb-
TYp Ta MePEXOay A0 OIMbII cTaauX arpoiie-
Ho3iB [3].

Pospobiennst Ta BIpoBajiskeHHsT edek-
TUBHUX TEXHOJOTIH yZOOpPEHHS, 30KpeMa
IT03aKOPEHEBOTO MiIXKUBJIEHHS Ta IHTETPO-
BAaHUX CHUCTEM JKUBJICHHS, /JA€ 3MOTLY IIi/IBU-
MIUTH BUKOPUCTAHHS €JIEMEHTIB JKUBJICHHS
JNOGPUB, HOJNIINATY (Di3i0I0riYHMIi cTaH poc-
JIMH Ta iX iMyHiTeT, 3abe3mneynt crabiibHe
3POCTaHHS BPOKAWHOCTI, 3HU3UTU BTPATH
MPOAYKTUBHOCTI 4epe3 CTPecOBi YMHHUKU
Ta MiHIMI3yBaTH HETaTUBHUI BIJINB HA HAB-
KOJINIITHE cepefioBuiie. ToMy, OCTiIZKeHHS
edeKTUBHUX cr0CcOOiB 3abe3Medents Ciib-
CHKOTOCTIONIAPCHKUX KYJIBTYP 36aIaHCOBAHUM
SKUBJIEHHSIM 3aJTUIIAETHCS aKTYaJTbHUM 3a-
BIAHHAM Cy4acHOI arpapHoi HayKy Ta BUPOO-
HUIITBA.

Mera poGoTH — TpoaHATi3yBaTH HAYKOBI
MIIXO/IA Ta MPAKTUYHUH JIOCBiJ] 3aCTOCYBaH-
H$l [103aKOPEHEBOro II/KUBJIEHHS K edek-
THUBHOTO CTIOCOOY TiABUTIEHHS BPOKANHOC-
Ti OCHOBHUX 3€PHOBUX KYJIBTYD, PO3KPUTHU
nepeBaru Ta HepcIeKTUBY 1103aKOPEHEBOro
/KU BJICHHS.

MATEPIAJIM TA METOJIN
JOCIIIKEHD

Y mnpoiteci pocaifykeHHsT BUKOPUCTAHO
KOMILJIEKC HayKOBUX METO/IB, CIIPSIMOBAHUX
Ha y3araJbHEHHS Pe3yJbTaTiB 3aCTOCYBaH-
HS [103aKOPEHEBOTO TIH/[KUBJICHHS OCHOBHUX
3€pPHOBUX KyJbTYpP (IILIEHUIS, KYKYpPY/13a,
pucC, JKUTO, TYMiHb, OBEC, TIPOCO). 3/iliCHEHO
6i6miorpadiuHuil MOMIYK HAYKOBUX KEPEJ
y MIZKHAPOAHUX 1 HaIllOHaJbHUX Oazax Ta ix
KOHTEHT-aHaJi3 /IJis BUSBICHHS OCHOBHUX
TEHJIEHI[IN i OTPUMAHUX Pe3yJIbTaTiB. 3aCTO-
COBAHO METO/IM IIOPIBHAJIBHOIO aHasi3y, a
TaKOX CHUCTeMaTHu3allil Ta ysaraJbHEeHHS
JUist (hOpMyBaHHS BUCHOBKIB. AHAITUYHO-
OIVISIJIOBUIL METO/L /1aB 3MOTY KPUTHUYHO OIli-
HUTH PE3YJbTaTH CyYaCHUX HAYKOBUX J[OC-
JIJIKEeHb Ta OKPECJUTH MepCHeKTUBU y il

chepi.

PE3VJIBTATU
TA IX OBTOBOPEHHS

PospobieHHst OibIin eeKTUBHUX Ta CTa-
JINX METOJIIB BeJIEHHS ClIbCHKOTO TOCIIOap-
CTBa 3HAXOAMUTBHCA B LIEHTPI yBaru J0CJij-
HUKIB B YChOMY CBIiTi, OCKIJIbKH TyI00aIbHI
npobeMH, IK-0T 3MiHM KJIiMaTy, HOCHIEHHS
PO3BUTKY ZIeTPA/IAIliHHUX MTPOIIECIB Ta BTpaTa
MIPUPOJIHUX PECYPCiB HETATUBHO BILTMBAIOTH
Ha TIPOYKTUBHICTb arPOEKOCUCTEM.

Pesynbratu focizkeHb CBiiuaTh, Mo Ha-
pasi TpaauIiitHi MeTOAN yIO0OPEHHST CTAIOTh
MeHIIl e(heKTUBHUMU Ta 4YaCTO CHIPUYNHSIOTH
HeraTUBHI HACJI/IKU HAa HABKOJIUIIHE Cepejio-
BuIe. TpuBaje BUKOPUCTAHHS MiHEpPATbHUX
JIOOPUB Y BUCOKMX HOPMaX BHECEHHSI CIIPHSI-
JIO 3pOCTAHHIO ITPOAYKTUBHOCTI CiJIbCHKOTOC-
MOIAPCHKUX KYJBTYP, ajie BOJAHOYAC TTPU3-
BEJIO 10 3a0pyAHEeHH [PYHTIB 1 BOAHUX IKe-
peJi, BTpatu 6iopi3HOMAHITTS, HETATUBHO
BILIMHYJIO Ha 37I0POB’sT JIIOAUHM |5 ].

OCHOBHUMU 3¢PHOBUMU KYJIBTYPaMU CBi-
TY € IILIEHUIId, PUC Ta KyKYPY/3a, IKi Ha31Ba-
I0Th «TPhOMa XJIIGAMU JIFOJICTBA» 1 € BaXKJIU-
BUMHU y TapaHTyBaHHI IPOAOBOJIbYOI Oe31eKn
cBity [6]. Jlo iHIINX HEOOXIAHUX 3EPHOBUX
KyJBTYyp HaJleXKaTh SYMiHb, OBEC, JKUTO Ta
IIPOCO, SIKi B IEBHUX PEriOHaX CBITY 3aliMaIOTh
HPOBI/HI Mo3uIlil y 3abe3neyeHH] IKiCHOTO i
MOKUBHOTO Xap4YyBaHHS.

3epHOBUM KyJIbTypaM it (hOpMyBaHHS
AKICHOTO 3€pHa MOTPiOHE IIOBHOI[IHHE [10CTa-
YaHHS MOKUBHUMH eJIeMEHTaMU, 1[0 BIIPO-
JIOBJK TPUBAJIOTO Yacy 3a0e311e1yBaioch Yepes
BHECEHHsT MiHepasbHUX 106puB. OMHak 3a-
3HAYAlOTh TIPO I0BOJIi BUCOKI BTPATH a30Ty 3
BHECEHNX MiHepaIbHuX A0OPUB. 3a OLiHKAMU
nonax 60% asoTy, Mo BHOCUTBCS Y dopMi
CEYOBWHM, BTPAYAETLCA B HABKOJUITHBOMY
cepenoBuili [7]. 3 azory, 1m0 NOTpAILISIE B
HaBKOJIMIIHE cepejloBUIle Bijl J0/aBaHHA
no6puB, pubausHo 1/3 neHiTpudiKyeThest
1o Ny, 1/3 — norparuisie B rpyHTOBI BOJU
y BUTJISI/I HITPaTiB, a 1/3 — BUBLJIBHIETHCS
y Burssigi NoO i cripuunnsie pyiHyBaHHS
030HOBOTO 11apy [8].

Tomy cyuacHi OCTI/IZKEHHS CTIPSIMOBAHO
HA BUPIIIEHHS 0araTOrpaHHIX MOKJIMBOCTEN
36aancoBaHOTO 3a6e3MeYeH s CilTbChKOTOC-
II0JIAPCBKUX KYJIBTYP IIOKMBHUMU eJIeMeHTa-
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MM 32 OJJHOYACHOTO 3HUKEHHS €KOJOTTUHUX
npobieM. 30KpeMa, po3pobJISIOThCS IHHO-
BaIliliHi MiAXOAN 10 TTOKPATIAHHS KUBICHHS
POCJINH, 1110 BUXOSATH 32 PAMKU TPAAUITIHHAX
METO/IiB, TPUIISEThC yBara MiJBUIIEHHTO
e(eKTUBHOCTI BUKOPUCTAHHSI TIOKUBHUX pe-
4OBUH J0OPUB, TEXHOJIOTIYHIM aCIeKTax BHE-
ceHHs 100puB, Po3podIl HOBUX (HOPM 100PUB
Ta iX eKoJIOTiuHil Gesrert.

OHUM 13 TaKUX TEXHOJOTIYHUX PillleHb
€ TI03aKOpeHeBe Mi/PKUBJIEHHS, 1110 BUKOPUC-
TOBYETHCS I/ JIOTMIOBHEHHS 32 OCHOBHOTO
yI0OPEHHS POCJIMH, rapaHTyiour Oibii edek-
TUBHE pillleHHs npobieMu AeillTy TTOKUB-
Hux pedoBuH [9; 10]. Ko mormaanHs m0-
JKUBHUX PEYOBUH i3 IPYHTY TaJIbMYETHCS 3
PIZHUX IPUYMH, TTO3aKOPEHEBE MiIKIUBICHHS
MOzKe Oy TH aIbTePHATHBHUM Ta BUCOKOE(hEK-
TUBHUM PillleHHIM KOMIleHcarlii nedinury
MOKMBHUX PEYOBUH JIJIST POCTUHU.

Takuil cnoci6 BHeceHHs 106puB 3a6e3-
[eYy€e ONTUMAJIbHI YMOBU JIJIs POCTY Ta PO3-
BUTKY pOCJWH, (OPMYyBaHHS IMYHITETY Ta
crifikocTi pocaun 10 6ioTnyHKUX i abioTny-
HUX YMHHUKIB, IO POOUTH HOTO BasKIMBOIO
YAaCTUHOIO IHTErpoBaHoi crparerii 60poThOM
31 mkigHukamu i xsopobamu. Cepey iepesar
[I03aKOPEHEBOTO BHECEHHS JOOPUB € IBU/I-
Ke Ta Jierke TTPOHUKHEHHS 1 3aCBOEHHS 110-
JKUBHUX PEYOBUH POCAUHAMHU, HU3bKI KOH-
HeHTparii 100puB, MOKJIMBICTD OE€IHAHHS
i3 sacobamu 3axucry pociut [10]. Haykoso
0OTPYHTOBaHE 3aCTOCYBAHHS TAKOTO CIIOCO-
Oy BHeceHnHs AO0OPUB He JHUIIE IO3UTHUBHO
BIJIMBAE HA POCJIMHY, & TAKOK 3MEHIITY€ HeTa-
TUBHUII BILJIUB HA HABKOJIUIITHE CEPEIOBUIIE
Ta mifBUIIYE peHTabeNbHiCTh BUPOOHUIITBA
[11].

Hampukiraz, BUPOTIyBaHHS TIIIECHWUTT M S~
KOI 1 TBep/IOl i3 TT03aKOPEHEBUM ITi/[PKUBJICH-
HSM a30TOM TapaHTyBaJ0 OTPUMaHHS MaKCH-
MaJTBHUX YPOJKATB i3 BUCOKMM BMicTOM Oinka
B 3epui [12; 13]. Hochignuku 3a3Ha4aIOTh,
[0 TaKWii crocib BHECEHHST a30Ty B Iepioj
TTiCJIST BITIHHS MBUIILY€E OTO BMICT y 3€pHi
I CIIPUSIE TIO/IOBXKEHHIO AaKTUBHOTO (DYHKITiO-
HyBaHHS (POTOCMHTETUYHOTO amapary poc-
JINH YHACJIJIOK 3MEHIIeHHd KOHKYPeHLii 3a
A30TOBMICHI CIIOJIYKU Mi’K HUM 1 3epHiBKaMu

[14].

BusBieno 30i1pLUIeHHS KIIBKOCTI KOJIOC-
KiB Ta 3epeH y koJjoci, macy 1000 3epen
3a M03aKOPEHEBOTO BHECEHHS CCYOBUHU
(B xonmenTpariii 1-5%) y nociBax mirenuiri
no usitinas [15]. Takok momaBaHHs TOMip-
HIX /103 a30Ty TI0 BeTeTallil POCJINH CTPUMYE
CTapiHHA JTUCTKIB Ta MOAOBXKYE Mepioj Ha-
auBy 3epHa [16]. Kpim Toro, mokasano, 1o
He3HauHa KITbKICTh a30Ty, M0 MOTPATLISAE B
IPYHT 32 IT03aKOPEHEBOTO i I>KUBJICHHS, TTi/l-
TPUMYE BUCOKY e(heKTUBHICTh 3aCBOCHHS Ta
BUKOPUCTAHHS a30Ty 3 IPYHTY POCTUHAMU
nmrenunid. Ile Takosk Ma€ IMMO3UTUBHUU BILJIUB
Ha HaBKOJUIIHE CEpe/IOBUIIE Yepe3 3MeH-
nreHHs Ha 25—40% a30THOrO HABaHTAKEHHS
Ha arporierosu [12].

Iimsxusrenns npenapatamu «HAVIC sep-
HOBi» i «AKkcesieparop Mikpo» Ha ¢dhoHi BHe-
CeHHsl MiHepaJabHUX A0OPUB 3a0e31ednIo
3POCTaHHS BPOKAIHOCTI BiAOBiHO Ha 7,9%
i 11,5%, BMicTy KJIeHKOBUHU B 3epHI — Ha
20,9% i 14,4%, smicty Ginka — mo 13,6%
i 14,1% BignosigHo. Taki MOKa3HUKU CTPYK-
TYPU BPOKAIO SIK JOBKUHA cTebJIa Ta KOJIoca,
KUJIBKICTh KOJIOCKIB y KOJIOCi, Maca OJTHOTO
kostoca i 1000 HaciHuH, HaTypa 3epHa Oysiu
HalfKpanuMy 3a TT03aKOPEHEBOTO Mi/[PKNB-
JIEHHSI POCJIMH IIHIEHUI[I KOMILIEKCHUM 100~
puBoM «Akceseparop Mikpo» (1,5 kr/ra) Ha
mouaTky IV i V eramy opranorenesy [17].

ITozakopeneBe MiJXKUBJIECHHS POCIUH
HIIEHNUIN KOMILIEKCHUM J00puBoM YaraVita
Gramitrel, YaraVita Kombiphos, YaraVita
Thiotrac i3 pisHuM yMicTOM MiKpoeJIeMeHTiB
MMO3UTUBHO JIiSI7I0 HA CTAH KUBJIEHHS pOC-
gun (iagekc SPAD) ta niomnty JUCTKiB 1O-
piBHsTHO 3 KoHTpoJsieM. DiKCcyBa 3pOCTaHHS
BPOKAITHOCTI TTiCJIST TTI03aKOPEHEBOTO T IKIB-
JIEHHS, 2 TAKOK 11 [BUIIIEHHS BMicTy Oijika Ta
MikpoesiemeHTiB [ 18].

Y kputnuni ¢aszu po3BUTKY POCIUH Ky-
Kypy/a3n (IBITIHHS Ta HAJWB 3epHA) I03a-
KOpeHeBe ITiKUBJIEHHS TIOCUIUIIO BMICT BYT-
JIeBOJIB Ta OiiKa B 3epHi, piBeHb JiliaiB,
301bimio Macy 1000 sepeH Ta ix posmip [19].
3MEHNIYIOYN TIEPEKUCHe OKUCJIEHHS JIilTi/liB
Y POCJIMHAX Ta MiITPUMYIOUN TOMEOCTa3, ek
crioci6 BHeceHHsT 100puB € OinbIn eheKTHB-
HUM Y MiIBUIIEHHI BPOKAWHOCTI KYKyPYI3U
B CTPECOBUX yMOBAX, 30KpeMa B yMOBax I10-
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cyxu [20; 21]. docaijpkeHns miTBepAUIn,
IO ZIBOKpaTHe hoJiiapHe Ti/PKUBJIEHHS KY-
Kypyasu (y dasi 3—5 i 6-8 suctkiB) oprano-
MiHepaIbHUME J0OPUBaMHU, 306aJIaHCOBAHUMU
3a BMiCTOM MaKpoO- i MiKpoeJIeMeHTiB i3 1o/1a-
BaHHSM 0i0JIOTTYHO aKTUBHIX PEYOBHH, TTO3HU-
TUBHO BIIMHYJIO HA PICT i PO3BUTOK POCJINH,
Ha (popMyBaHHS CTPYKTYPH BPOKAIO Ta IIijl-
BUIIECHHS 3araJIbHOT TPOAYKTUBHOCTI [22].

Cepest 3epHOBHX KyJIBTYP 0COOJIMBE Mic-
e 3aliMa€e puc, KU 3a IPOTHO3AMU CTaHe
OCHOBHUM J[KE€PEJIOM XapuyBaHHS JIJIST MaliKe
9 mapn moneit o 2050 p. o6 3ax0Bo/Ib-
HUTH T(efl TOMUT, BUPOOHUIITBO PUCY M€
30ibIMTICE TMOHaMeHTe Ha 60%, a Tomy
YUCJIEHH] JOCHIIKEHH CIIPIMOBAHO Ha T10-
HIyK eeKTUBHUX HLISXIB 3POCTaHHSA BPO-
sKalftHOCTI Tii€l Kyaprypu. Cepel Takux arpo-
3aXO0/liB 1M03aKOPeHeBe Mi/KUBJIEHHS PUCY
HabyBa€ MONTMPEHOCTi. 30KPeMa, 3BasKAIOUH
HAa Te, M0 POCJMHN PUCY OIIBII CXUIBHI JI0
COJIbOBOTO CTPeECYy, HiX 1HII KYJbTYpHU, Be-
JleThbCs MOUIYK IperapariB Ui 3HUKEHHS
TaKoro cTpecy. Harmpukiiazi, BCTaHOBJIEHO TIO-
BUTUBHUI BIUIMB 06POOJIEHHSI POCIMH PO3-
YUHOM CyJib(aTy Maruiio 3a BUPOLLYBaHHS
Ha 32COJICHO-JTY>KHUX TPYHTAX, 110 TIPOSIBIISB-
cs1 y TiIBUIIIEHH]I aKTUBHOCTI (DepMEHTIB, Ta
BMiCTy XJI0podisly y MpanopiieBoMy JINCTKY,
3aTPUMII B'STHEHHS KiHYMKIB JMCTKIB Ta y
Takuii crnocib nokpamanii GoTOCUHTETIHYHO]
aKTUBHOCTI poc/iiH prcy. Kpim Toro, o6pobka
PO3YMHOM CyJIb(MaTy Marrito 3Ha4HO 3MEH-
IT1JIa HAKOTTMYEeHHSI TOKCUYHUX 10H1B HATPiIo
y puci TOPiBHIHO 3 HEOOPOOIEHUM KOHT-
poJieM Ta CIPUSAJIO TIBUIIEHHIO BPOKAITHO-
cTi [23].

Jlng mocuseHHsT CTIMKOCTI PUCY 710 BOJI-
HOTO CTpeCy, 0COOIMBO Ha KPUTHYHUX CTa-
JIigX pOCTY, PEKOMEH/IOBAHO 1103aKOpEHEeBe
OOIIPUCKYBAHHST POCJIMH TIOKCHIOM KPEMHIIO
(400 wmr/m). Teit arposaxin 3abesmneuye mo-
ainmennus ¢isiosoriynux ta 6GiOXiMIYHUX
IapaMeTpiB, a TAaKOX PiCT POCIMH B yMOBax
nocyxu. 30KpeMa, 3a 3aCTOCYBaHHS JiOKCH-
Iy KpeMHilo (iKCyBajM 3HUKEHHS BMICTY
MaJIOHOBOTO JliaJIbJIeTi/ly B JIMCTKAX POCJIMH
pucy, 301IbIIEHHST BMIiCTY (POTOCUHTETHUHITX
MIrMEHTIB Ta IIPOJIIHY, MiIBUIIIEHHS CTINKOCTI
POCJIMH y cTpecoBUX yMoBax 1ocyxu. Ilourin-

neHHs (i3iogorivHOr0 CTaHy POCIUH JIAJI0
3MOr'y He Jinllle 3MEHITUTH BILJIMB CTPECy Bijl
MTOCYXH, ajie W MiBUIUTHA BPOKAHHICTh Ta
MOKPAIIUTH SIKICHI MOKa3HUKHU 3epHa [24].

BcranosiieHo, 110 1osakopeHneBe BHeCEH-
HS MOXUBHUX pedoBUH (Komtieke N, P, K|
Fe, B, Zn, Mn, Cu) y nepion Kyuienus —
(opMyBaHHS BOJIOTI ICTOTHO BILJIMBA€E HA
BHUCOTY POCJIMH, KIJIbKICTh IIarOHIB Ha pocC-
JIUHI, KOHIIEHTPaIlil0 XJI0podily B JUCTKAX,
KIJTbKICTh BUTIOBHEHUX 3€PEH Ha POCIUHI Ta
BpOJKaliHicTh 3epHa. KpiM TOTO0, I03aKOpEHe-
Be BHECEHHS MMOKMBHUX PEYOBUH TO3UTUBHO
BILUIMHYJIO HA (Di3i0JI0TiUuHI TOKa3HUKH, BKJIIO-
YAIUU 1HJIEKC ILIOIII IUCTKIB, IHTEHCUBHICTH
POCTOBHUX IIPOIIECIB Ta HAKOMUYEHHS CYXOi
Macu pocanHamu [25].

Huskoo mosboBUX AOCTINIB MTOKA3aHO
e(DeKTUBHICTb I03aKOPEHEBOTO TTi/[KUBJIEHHST
POCJIMH PUCY KOMILIEKCOM MiKPOEJIEeMEHTIB.
3okpema, OOIPUCKYBAHHST POCTUH KOMILJIEK-
cuum mpenaparom Boost Xtra (150 mu/15 o
BOJIN) Ha cTajiii hopMyBaHHs BOJIOTI 3adikcy-
BaJIO MO3UTUBHUH BILJIMB HA BMICT XJI0PO(DiIy
B POCJIMHI, BUCOTY Ta HAKOIIMYEeHHsI GiomMacHu,
MMOKa3HUKK CTPYKTYpPU BPoOskaio (KiJTbKiCTh
BOJIOTI Ha POCJNHY, KIJIBKICTh 3€peH Ha BO-
JIOTh, BiJICOTOK JIO3PIJIUX 3epeH Ta iX Macy)
Ta 3araJbHy BposKkaliHicTh [26].

THuT M0JIbOBI BUTIPOOYBAHHST BUSIBJISLIH,
110 TI03aKOPeHeBe Mi/KUBIEHHS POCIH PUCY
KOMILJIEKCOM MikpoeneMeHTiB (Zn, B, Mg,
S) y pisHux moeaHaHHIX OyI0 eHEeKTUBHIM
JIMIIIE 32 YMOBM OCHOBHOrO yzaob6pents NPK
Ta BiZICyTHOCTI ocyxu [27].

BceraHoBJieHo, 1110 HaHOA00pUBa Ha OCHOBI
cipku Ta KpemHiio (S—Si, 4 MJ1/J1) € Iepcriek-
TUBHUM PIllIEHHSIM JIJIsI TTiIBUTIEHHS BPOKali-
HOCTI PUCY 32 BUPOIYBaHHS HA IPYHTax i3
HU3bKUM BMICTOM a30Ty Ta Kajiio. BHacizok
[IOKpalllaHH4 [TOIJIMHAHHA TTOKUBHUX PeYo-
BUH 13 TPYHTY, POCJIUHU PUCY Oy BUIUMU,
dbopmyBann Ginblly KiJbKiCTh NaroHiB Ta
JINCTKIB Ha POCWHI. TakoK TOJIIIITYBaTNCh
Taki 610XIMiUHI MOKa3HUKH, K BMICT BiTami-
Hy C, po3urHHOTO GijIKa, BiJIHOBIIOBAJIbHUX
IYKPiB, (DEHOJTBHUX CIONYK Ta (PJIABOHOI/IB
[28].

ITozi6Hi IO3UTUBHI PE3YJIbTaTH OTPUMAHO
1 JI715T IHIITUX 3€PHOBUX KYJIBTYP. Tak, BUpoIy-
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BaHHsI 11poca Ha (hoHi OCHOBHOTO yI00PEHHST
MiHEpaIbHUMU JOOPUBAMMU 13 11/ KUBJICHHIM
Mikpomo6puBoM (BpamMaH MyJIBTHKOMILIEKC,
2,0 n/ra) y asi KynieHHs 1ajao 3MOTy POCIu-
HaM c(HOpMyBaTH MaKCUMaJIbHy BUCOTY, Haii-
GisTbIITy Haz3eMHY GioMacy, KUIbKICTh TiI0U0K
JIPYTOTO MOPAAKY Ta BiATIOBIIHO OTPUMATHU
HalBUILy BPOKaHICTH 3epHa [29].

Takox MMOKa3aHo, Mo MO3aKOpeHeBe BHe-
cenns nanoyactunok ZnO (2,6 mr/i) 3a Bu-
polILyBaHHA 1Ipoca HoKpallye eeKTUBHICTD
(orocunTesy, Tpancmipailio i pepmeHTaTUB-
HY aKTUBHICTb Ta BOJHOYAC 3HUKYE 1HIIEKC
BOJIHOTO cTpecy pociuH. e spemtoio mMano
nosuTuBHUi BB Ha Macy 1000 3epen ta
BposkaitHicTh 3epHa [30].

Hocaimkennsvu B. Myciu ta O. [1pucstx-
HioKa [31; 32] GyJi0 BCTAHOBJIEHO, TI[0 BUPO-
I[yBaHHs POCA MPYTOMOAIOHOTO HA KUCIUX
Ta MaJIOIPOJAYKTUBHUX IPYHTaxX i3 3acTocy-
BAaHHAM [103aKOPEHEeBOI0 IJIKUBJIEHHS T'y-
maTtamu (tymat kasito (Iymicinn), 50 r/ra) ta
aaTuctpecantoM (AminoCrap, 1,0 i1/Ta) nae
3MOTY OTPUMATH MaKCUMaJIbHY BPOKAHHICTD
cyxoi 6iomacu (6,1 T/ra), yMICT KJIITKOBUHU
y JmcTKax i crebaax (55,3% i 55,6% Bimo-
Bi/IHO) Ta BUXIiJ| eHepTil 3 OTPUMaHUM YpO-
skaem (102,4-102,5 T'/lx/ra) [31]. docain-
JKYBaHI TEXHOJIOTIYHI €JIEMEHTH TTO3UTUBHO
BIVIMHYJIN HA SKiCTh CHPOBUHM, IO CBIUYNTD
PO 3MEHIIEHHS IHTEHCUBHOCTI TOTJIMHAHHS
JIeTKUX BaXKKMX METaJiB 1 1X HAKOTTMYEHHS
B Cyxiil peuoBuHi [32].

Hocuipxyioun eheKTUBHICTD PI3HUX IIpe-
napariB /151 103aKOPEHEBOTO Ii/[’KUBJICHHS
JKUTA 32 BUPOIIYBAHHS Ha OITHUX MIIAHIX
rpyHaTax 6yJsio BUsIBJIEHO iX audepeniiioBa-
HUH BIIMB HA BPOKAWHICTD Ta SKiCHI TTOKa3-
HUKH 3epHA. 30KpeMa, 00poOKa pocnH y (da-
31 (hopMyBaHHS MEPIIOTO MiKBY3JIsI ITperapa-
toMm Bacdosriap 36 Excrpa (8 J1/ra) 3abesme-
YUJIO OfIepKaHHS MaKCUMaJIbHOT BpOsKaiftHOC-
Ti. HaToMicTh 1mo3akopeHneBe MiXKUBJIEHHS
npenaparom Polyactiv Mn (2,5 Ji/ra) Gyio
e(eKTUBHIM SIK y Ti/IBUIIEHH] BPOXAIHOCTI,
TaK i MOJITIIeHH] AKICHUX ITOKa3HUKIB 3€pHA
[33]. IlosuTtuBHY peaxiiifo pOCIWH KUTA Ha
MT03aKOPeHeBe Ti/KNBJIEHHS MiKpoeJIeMeHTa-
mu (Zn, Mn) onmcano B gociuigax A. Stepient
3 KoJsieramu [34]. BeranosiieHo, 1o yao6peH-

HS1 MiHEPAJILHUMU T0OPUBAMU Ta MO3aKOpPe-
HeBe I1KUBJICHHS MIKpOeJIeMeHTaMu 301/1b-
MU BMICT OijIKa B 3epHi KuUTa.

PesynbraTu gocaikeHHd BUSHAUUIH, IO
M03aKOPEHEBE YAOOPEHHS STAMEHIO SIPOTO a30-
oM (2,0%) y dasi kymienns ta y dasi Buxomy
B TPYOKY CIpHsiyio (hOPMYBAHHIO MAKCUMAJIb-
Hol Bucotu pocsiH (66,7 cM), KiTbKOCTI 11aro-
HiB (490,7 mr./m2), nosxnnn Kosoca (8,3 cm),
KizbKocTi 3epen y kosoci (35,0 mt.), Mmacu
1000 wacinun (30,3 1), GiosoriuHoi Bpo-
xkaiirocti (7,1 T/Ta) Ta BpOXKAHOCTI 3epHa
(3,1 T/ra). 3MeHIIeHHs KOHIIEHTPAIlil 10
1,0% azoTy Ta mo3axopeHeBe BHECEHH: y (hasi
KYIIIEHHsI Ta BUXO/Y B TPYOKY JIaJI0 aHAJIOTIU-
Hi pe3yJibTaTu, 0 BUSBUIOCS HAWKPAIIUM
CIocO60M OTPUMAHHS ONITUMAIBLHOTO BPO-
JKAI0 TYMEHIO Ta € OLJIBII eKOHOMIYHO BUTI/I-
Hum [35].

B. Stadnik i3 cmisasr. [36] miarBepau-
JI 3HAUHUN eKOHOMIYHWI Ta €KOJOTIYHUI
ACIeKT BUPOILYBAaHHS SYMEHIO i3 T103aKope-
HEBUM BHECEHHSIM MiKPOA0OPUB, 10 CKIALY
SKUX BKJIOYeHo Mikpoesementu Cu, Mn,
Mo abo Zn. Pesysbratu mokasaj, 10 Ta-
KUl arposaxijzi 3yMOBUB IIOKpalllaHHSI OKpe-
MUX €JIEMEHTIB CTPYKTYPU BPOKAIO Ta 3011b-
IIEeHHS BPOKAWHOCTI 3€pHA.

[Tiz vac BUpoOIyBaHHS BiBCA BCTAHOBJIEHO
BHUCOKY e(heKTUBHICTh BUKOPUCTAHHS a30TY
3 pigkoro go6pusa N-Top® nuisixom nosako-
PEHEBOro 0T0 BHECEHHS, 10 OyJ10 Ha piBHI
ya00peHHs cedoBHHO0. BTiM aBTOpM 3a3Ha-
YalOTh IIPO 3POCTAHHS BapTOCTI TAKOI TeXHO-
JIOTii i HEe PEKOMEH/IYIOTh 11 B TIPOMUCJIOBUX
macrrrabax [37].

Bupontysanns BiBca B ymosax Ilomices
YKpainu i3 1Mo3akopeHeBUM TiKUBICHHSIM
piakum KomiiekcHuM 106puBoM (Rost koH-
nenrpat Ny4P;K; + mikpoenemenTu) y asi
CXOJIiB, KYIIIEHHS Ta BUXOLY Y TPYOKy 3adik-
CyBaJI0 BUCOKY e(eKTUBHICTH MO0 MOJTIM-
[IEHHS 3araJIbHOTO CTAHY IIOCIBIB, 301/IbIEH-
HS BUCOTHU POcJnH (Ha 3—7 cM) Ta TYCTOTH
pocimn (Ha 21-38 mt./M?2), 3poctaHHs Bpo-
JKalHOCTI 3epHa Ta OTPUMAHHS IIPUPOCTY HA
pisai 1,13-1,20 T/Ta [38].

3acToCyBaHHS TT03aKOPEHEBOTO TTi/IZKNB-
JIEHHS POCJIMH TaKUMU MiKpOeJeMeHTaM, SK
KpeMHiif 1 cipka y mociBax BiBca MiBUIILYE
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CTIAKICTh POCJIMH 0 ablOTHYHIX YNHHUKIB —
IIOCYXM Ta 3acojieHHs IpyHTY. Tak, 1mosaxo-
peHeBe Ti/KUBJIEHHSI KPEMHIEBUMU Ta Cip-
YaHUMU JOOPUBAME CIIPUYNHIIIO PI3HUIIO B
MIBU/IKOCTI (hOTOCUHTERY, 3araibHill TPOBI/I-
Hocti 10 CO,, TpaHcmiparii, epekTuBHOCTI
BUKOPUCTAHHS BOJIH, ILJIONII JUCTKIB, BMICTY
xjopodiny Ta kaporunoinis, maci 1000 3ze-
peH Ta BposkaiiHOCTI BiBca o3uMoro. BHeceH-
HSI KPEMHIIO 3HAYHO 301IbLIMIO MBUAKICTD
cdotocunTezy (16,8—-149,3%), TpaHcmipariio
(5,4-5,6), Bmict xopodiny (1,0) Ta kapoTu-
HOiziB (2,5%), yposxaiinictb 3poca Ha 10,2%
(Si) Ta 8,0% (Si + S) [39].

B ymoBax 3acosieHOTO TPyHTY T03aKope-
HeBe IiIKUBJIEHHS POCIUHY BiBCa KPEMHIEM
(Optysil 0,1% a6o 0,2%) 3MeHTIITyE COMBOBHI
cTpec, 30LIBIIYE BMICT XJIOPO(MIIY B INCTKAX,
HapocTaHHsa 6ioMacu, HOPMAIi3y€e MpoLecu
razoobminy [40].

BUCHOBKU

AHajiz HaykoBUX nyOJiKamiii mokasas,
10 BUKOPUCTAHHS TT03aKOPEHEBOTO MTiKUB-
JIEHHS POCJIUH € TIONIMPEHOIO MPAKTUKOIO Y
BUPOGHUIITBI 3¢PHOBUX KYJBTYD B YCHOMY
cBiti. Ileil croci6 3abe3neueHHsT 36pPHOBUX
KYJBTYP MiKpPO-, M€30- 1 MaKpoeJieMeHTaMu
€ eKOHOMIYHO 1 €KOJIOTIYHO BUIIPABIAHUM,
PO3TIISAIAETHCS K CTATMI METO/T YITPABIiHHS
MiHEPAJbHUM JKUBJIEHHSM POCJINH T € CKJIa-
JIOBOIO CyYaCHUX arpoOTEXHOJIOTIN.

B ymoBax BUCHAKEHHS IPYHTY i fediru-
Ty pecypciB 3acTOCYBaHHS 1103aKOPEHEBOTO
i/KUBJIEHHS B JIOTIOBHEHHI 3 MiKpoOeJieMeH-
TaM¥ y KpUTHYHI (ha3u pO3BUTKY POCJIUH TIO-
Kpallly€ TOTJIMHAHHS [TOKUBHUX PEYOBUH i3
[PYHTY, cTUMY.JII0€ (hiziosoriuni it GioximiuHi
TIPOIIeCH B POCTMHAX, ITi/IBUIILYE CTIHKICTD /10
6ioTnyHuX Ta aGlOTUYHUX CTPECIB, BPOKaii-
HICTh, & TAKOJXK SIKiCHI TOKa3HUKN 3ePHA.
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Y ecmammi euceéimaeno pezynsmamu 0ocaiodcens w000 8NAUBY PIZHUX CUCMEM XIMIYHO20
3axucmy Ha Gopmy8anHsa GimocaHimaprnoo cmany azpoueHo3y KyKypyo3su é ymoeax Illpaeo-
bepeacroeo Jlicocmeny Yxpainu. Bnpodosauc 2023—2025 pp. nposodusacey oyinka egek-
muerocmi eepbOiyudH020, IHCEKMUUUOH020 MA (QYHEIUUOHO20 3aXUCMY KYAbIMYPU 34 PIGHeM
3a0yp’aHeHoCcmi, YUCeNbHICIIO OCHOBHUX WKIOHUKIG | po3gumKkom xeopob. Bcmanoesaeno,
Wo KoMOIHOBaHe 3ACMOCYBAHHS TPYHMO0B020 | cmpaxoeoeo eepbiyudie (Axpic + Cme/z/tazp
Ilatoc) 3a6e3neuysano icmomue 3HudiceHHs 3a0yp’anenocmi nocigie (0o 3,5—8,2 wm./m?)
3 mexHiunow egpexmuenicmro 00 95,3%. Jocrioxwcenns 6udosoeo ckaady 6yp’sHie y no-
cigax Kykypyosu 3aceiouuau, wo 85,6% ixnvoi uuceavnocmi npunadae Ha 0OHOPIUHI 6uUOU.
Kpim moeo, nailicmomuiwe npedcmasaeni sapi oOHopiuni 6yp’snu, ki oxonaoroms 74,6%
oyp’anoeoi cunysii. Ceped wkioaugux udie Haiibinbury 3aepo3y 0451 NOCigie CMAHOBUAU
auvunku dpomsnukie (Elateridae) ma cmebnosuii memeauk kykypyosu (Ostrinia nubilalis
Hbn.), axi éiosnauasucs eucokum pieHem wKo0o4uHHocmi. InmencugHicms NOWKOONCEH S
KYKYpyo3u yumu wKiOHUKamu icmomHo 3aaexcana 8io eiopomepmiunux ymos. Y poku 3 Hao-
MIpHUM 380400iCeHHAM TPYHmMY (mpagens 2025 p. — 64,6 mm onadig) pieens yuikodiceHs
€X00i6 AuvUHKaMU Kosaaukie nepesuwyysas 10— 15%, modi sk y nocywiaugi nepioou (mpasens
2023—2024 pp.) 6in 3nuxcysascs, ane 3anrumascs é mexcax EINI. Haileuwy wikodouunnicme
cmeb106020 memenauxa 3agikcosano y 2024—2025 pp., koau pieens ypajiceHHs nocieie Ky-
Kypyosu koausagcs y mexcax 22,0—40,0%, wo 6y10 3yMO6AEHO HAONUUKOBUMU ONAOAMU 8
uepeHi. Boonouac piske niosuwenns memnepamypu 6 aunti 2024 p. cnputuHuN0 3HUMNCEHHS
yucenvHocmi wKionuka i piens nouwkodycenocmi nocigig. O6pobka incekmuyudom Amniico
(0,2 n/2a) y ¢pazi BBCH 18— 19 eussusace epekmuenum 3acobom KOHMPOAIO HUCEAbHOCH
TPYHMOBUX | cMebA08UX WKIOHUKIE, 3MeHUuLyIouU wKodouurnicms Ha 25—35%. 3acmocysanus
gyneiyudy Abakyc (1,5 a/ea) 0aro moxcausicms icmomuo 3HU3UMU PO3GUMOK | NOUUPEHHS
2enbMinmocnopiosy ma @y3apiosy KyKypyo3u, 3a6e3neuusuiu egoeKkmueHull 3axXucm pocaun y
Kpumuuni gpasu opearoeenesy. [Ipenapam cnpuse 3HUNCCHHIO YPANCEHHS AUCMKOBOI NOBEPXHI
ma Kauauise, w0 NO3UMUBHO NOZHAUUNOCS HA 30epedceH I homOoCcCUHMemu4H020 nomenyiany
pocaun. Ompumati pezysbmamu niomeepoxscyromos 00YiNbHICMb BUKOPUCMAHHS (yHeiyudy
Abakyc y cucmemi 3axucmy KyKypyo3u npomu KOMHAEKCY epUOKO8UX X80poo.

Karouosi croea: 3eprogi kynomypu, eepoiyuou, incekmuyuou, gyneiyuou, 6yp’aHu, WKiOHUKU,
X60pobu, azpoexocucmema.

BCTVYII

DOL: https://doi.org/10.33730/2077-4893.4.2025.345454

Cepest TPOBIJTHUX 36PHOBUX KYJIBTYP, IO
BUPOIIYIOTHCS B YKpaiHi, KyKypy/3a 3aiimae
oJiHe 3 IIPOBIZIHUX MICIb SK 3a ILIOIIEIO I10-
ciBiB, Tak i 3a BaJOBUM 300pOM 3epHa. 3aB-
KM BUCOKOMY TEHETMUYHOMY IMOTEHIaTy
BPOKAITHOCTI, TJIacTUYHOCTI Ta 6aratoyHK-
IIOHATTbHOMY BUKOPUCTAHHIO, KYKYpPy/13a CTa-
Jia 6a30BOI0 KYJIBTYPOIO Y 3€PHOBOMY KJIMHI
Garatbox rocrofapcTs. OnHak 3abe3meyeH s
cTabiJIbHOTO I BUCOKOTO BPOJKAIO KYKYPY/I3U
HeMOKJIUBe 0e3 e(eKTUBHOTO 3aXUCTY MOCi-

© J1.B. I'myxosens, I'.JI. Marycesnu, 2025

BiB BiJl KOMILIEKCY TIKIIJTABUX OPTaHi3MiB, 1110
BKJIIOUA€ Oyp'stHU, TIKIJHUKIB Ta XBOPOOH.
DiTtocaniTapHuii cTaH arpoIeHo3y KyKy-
Py/I3U € IMHAMIYHOIO XapaKTepPUCTUKOIO, 1110
(hopmyeTbes i BIVIMBOM YUCJEHHUX YHH-
HUKIB, cepe]l AKIX 0COOIUBY POJIb BiLirpaoTh
cucTeMa XiMIYHOTO 3aXHCTY, TOTO/[HI YMOBH,
6i01EHOTUYHI 3B’I3KM Ta arpoOTeXHiYHi 3a-
XO/IU. ¥ Cy4acHMX YMOBaxX TOCIO/IaPIOBAHHS
BayKJIMBO He Jinie 3abe3nednty epeKTUBHUN
3aXUCT POCJIUH, a I MiHIMi3yBaTH €KOJIOTiYHE
HABAHTA)KEHHS HA HABKOJIUIITHE CEPEIOBUIILE.
Came TOMY aKTyaJbHUM € TIOTIYK Ta HAYKOBE
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0OIPYHTYBaHHSI ONITUMAJbHIX CUCTEM XiMid-
HOTO 3aXWCTY, IO /Ial0Th 3MOTY OJIHOYaCHO
JIOCSITATU BUCOKOI e(PEeKTUBHOCTI KOHTPOJIIO
IIKOZOYMHHIX OPraHi3MiB Ta 36epirati exo-
JIOTIYHY plBHOBary arporieHoay.

Mertoio nociuiisKkeHHs € oiinka ¢itoca-
HITAPHOTO CTaHy arpoileHo3y KyKypy/3u 3a
YMOB 3aCTOCYBaHHS PI3HUX CUCTEM XiMiYHO-
TO 3aXUCTy Ta OOIPYHTYBaHHS iX BILIMBY Ha
CKJIaJ 1 YUCENbHICTD MIKIIJIMBUX OPTaHi3MiB.

AHAJII3 OCTAHHIX TOCIIIXKEHb
I IYBJIIKALIIN

[Tpobiema HoOpMyBaHHS ONTHUMAJLHOIO
(iTocaniTapHOTO CTaHy arpoleHo03iB KyKy-
PYy/I3U aKTUBHO BUBYAETHCS K BITUUZHSHU-
M, TaK i 3apyOiKHUMU BUCHUMM. 32 JTaHUMU
nocuimpkensb (LI Mocros’sika, A.O. Meuera,
C.B. Tlocnenona 3i cmiBasr. [1-3]), Baskiu-
BUMHU CKJIAIOBUMU (HiTOCAHITAPHOTO CTaHY
€ BUJIOBA CTPYKTypa Oyp’siHIB, YMCENbHICTD
ocHOBHUX (iTodariB Ta piBeHb ypaskeHOCTi
xBopoOamu. CrcTeMH XiMiYHOTO 3aXKCTY, L0
3aCTOCOBYIOTHCSI B CYYaCHOMY 3eMJIePOOCTBI,
iICTOTHO BIUIMBAIOTH HA TUHAMIKY IIUX MTOKa3-
HUKIB, (hOPMYIOUH SIK TIPSIMi, TaK i ormocepe/i-
KOBaHi e(heKTH.

V poborax HayKoBLiB IHCTUTYTY 3axuCcTy
pocsima HAAH, 3okpema B.I. Ceprienka, O.B.
IHwuta [4] varosomeHo, Mo eEKTUBHICTD
XIMIYHOTO 3aXHUCTY 3aJIeKUTHh He JIUIIe Bif
BuGOPY Npenaparis, a i Big cTpokis ix 3acTto-
cyBaHHs. Pe3ybTaTi OJbOBUX JOCTIKEHD
3aCBIIUMJIN, IO BUKOPUCTAHHS CY4aCHUX
repOinuHUX Ipenaparis gornomarae edex-
TUBHO KOHTPOJIIOBATH 3aCMIYeHICTh MOCIBIB
KYKypy/ZA3u. BTiM pe3yIbTaTuBHICTD JOCXO-
JI0BOTO OGIPUCKYBaHHS 3HAYHOIO MipOIO 3a-
JISKUTH BiJl BOJIOTOCTI TPYHTY — i medinut
3/1aTeH 3HaYYyIle 3HUKYBaTH repOilluiHy aK-
TUBHICTB. Y IOCXOJOBUH TIEPiosi BUCOKI TIO-
Ka3HUKN e(eKTUBHOCTI IEMOHCTPYIOTh TaKi
npenapatu, sik Aznenro 465 SC, k.c. (0,5 j1/ra),
Mepuain Daexce dyo 475 SC, KC (2,0 1/ra) Ta
[Mpumexcrpa TZ Toanx 500 SC, k.c. (4,5 1/Ta).
Y micasgcxonoBuil mepioj; MOKJIUBOCTI Tep-
GIIUIHOTO 3aXUCTY JAOCUTH MIUPOKI, 10 A€
3MOTy TifibpaTu ONTUMANBHI 3aco0u 3 ypa-
XyBaHHSIM CKJIamy Oyp’sauis i $as po3BUTKY

KYKYPY/I3HU.

Haiikpamti pesy/ibraTi y cTpuMyBamii
O,ZIHOpl'—IHI/IX 3JTaKOBUX 1 ABOMOJBHUX OY-
P’SIHIB TIPOJIEMOHCTPYBAJIN MEBHI TTOETHAH-
Hs1 TepOinumIiB, a came: Maiicrep ITayep OD
(1,5 11/ra), Jlayaic 30 WG (0,5 xr/ra) 3 moaa-
Banusim [TAP Mepo (2,0 s1/ra), a takox CreJi-
aap, PK (1,25 n1/ra), a tako:x [TAP Metonat
(1,25 1/1a).

0O.B. Cuixox ta T.B. IlleBuenxo [ 5] Takox
BUBYAJIM e(DEKTUBHICTDh XIMIYHOTO 3aXUCTY
Bizl crioco6iB 06pobiTKy IpyHTy. PesyibraTu
JIOCJTIKeHDb 3aCBiIUNIIH, 1O 3aCTOCYBAHHS
HOJIMIIEBOTO 0OPOOITKY IPYHTY B IIOEAHAHHI
3 TepOIMUIHIM 3aXICTOM 3a0€3MeUnI0 Maii-
JKe TIOBHE MIPUTHIUeHHST Oyp’THOBOI POCIIMH-
HOCTI B arpoIieHo3i KyKypy/13u, YUCeJbHICTh
Oyp’stHiB 3MeHIIUIacs Ha 96,8% mopiBHIHO 3
Jinsgakamu 6e3 06pOOKH.

Excriepumenranbii nocnimkents /1.0, Harr-
Mana [6] 3adikcyBasu, M0 BUKOPUCTAHHS
IPYHTOBUX TepPOIIM/IIB He 3aBK/IN 3a0e31euye
HaiHUI KOHTPOJb Oyp'sIHiB y mociBax Ky-
kypyasu. HegocraThs eekTuBHICTD 3ac006iB
3aXMCTY YaCTO HETATUBHO MO3HAYAETHCS Ha
POCTi Ta PO3BUTKY KYJBTYPH, 1[0 [TOB'I3aHO
3 BIJIMBOM IIOTOJIHUX YMHHUKIB, 30Kpe-
Ma TeMIIepaTypHOTO PeKUMYy Ta KiJbKOCTi
omnafliB y moyaTtkoBuil nepion Beretaitii. [1o-
CYIIMBI YMOBU IaJIbMYIOTD SIK IIPOPOCTAHHS
HaCiHHSA Ta TMOYATKOBWH PIiCT POCIWH, TaK i
AKTUBHICTH IPYHTOBUX TepOiLMIiB, 3MEHIIY-
10uM iXHIO e(heKTUBHICTH Y 60poThOi 3 Oyp’s-
HaMU.

3rigno 3 /lupektuBoio €BPOIEICEKOTO
Colo03y 1Ipo cTaje BUKOPUCTAHHS [1eCTUIN-
niB (Sustainable Use of Pesticides Directive
(SUD)), sixa cipsiMoBaHa Ha 3HUKEHHST PU3H-
KiB, TOB’sI3aHUX 13 BUKOPUCTAHHSIM TIECTHUIH-
JIiB IPIOPUTETHUMHU HAIPSIMaMHU y CHUCTeMax
XIMIYHOTO 3aXUCTY € 3MEHIIEeHHS TIeCTUIIUI-
HOTO HaBaHTAXKCHH:, BIIPOBA/KEHHS CeJIeK-
TUBHUX TIPETIapaTiB i3 HU3bKOIO TOKCUIHICTIO
JIJId HEIlLIbOBUX OPTaHi3MiB, a TaKOK TO€]-
HaHHS XIMIYHOIO 3aXMCTy 3 GiOJOTIYHUMHU
Metoamu [7]. 3okpema, B poboTax 3apyOik-
nux pocaianukis (A. Jhala et al., D. Joseph
Bollman et al.; G. Mitchell et al.) [8—10] Ha-
BEJICHO pe3ysbraTi e(eKTUBHOCTI TepOiTu/IiB
rpyiu HPPD-inri6itopis y 60poTh6i 3 mmpo-
KHM CIIeKTpOM OYP’sIHIB y 110CiBaX KyKypYA3H,
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JI0 TOTO 3K iX [Iid He CIIPaBJIsijia 3HAYHOTO MIPHU-
THIYE€HHS Ha KYJIbTYPY.

HaykoBi 10poOK# TaKMX YKPaiHCHKUX BUe-
Hux, ik A. [lonens ta T. Mapuenko i3 criB-
aBT. [11], 3acBimunan epeKTUBHICTH 3aCTO-
cyBaHHs XiMiuHUX Ta OGioJsoriuHux 3ac06iB
3axuCTy B O0pOThOl 3 KYKypPYA3AHUM CTeOII0-
BuM MeteaukoM (Ostrinia nubilalis Hiibner)
32 YMOB KPAIJIMHHOTO 3POIIEHHS Ta Gesre-
PEPBHOTO BUPOLLYBAHHS KYKYPYI3H pis3Hux
TPy CTULIOCTI. 3’sicoBaHO, 1110 6ioI0oriuHMiA
npenapat Tpuxoncun BT, sxnit mae iHcek-
TUIUHI, QYHTINUIHI Ta PICTCTUMYJIIOBAIb-
Hi BJIaCTHBOCTI, 3a0e31euyBaB 3a]0BIIbHMIT
pPiBEHb KOHTPOJIIO YMCEJBHOCTI TIKITHUKA.
Komirekcne Bukopucranns 6io- Ta XiMigHIX
3aco0iB, 30kpeMa iHcekTHUAy Bi-58, 3a6e3-
MEYNJIO HAKpaIuil pe3yabTaT y 3MeHIIeH-
Hi IIKIIIMBOCTI KyKYPYA3AHOIO CTEBIO0BOIO
MeTeJTnKa.

Pesynsratn nocmimkens 1.B. Mosuan [12]
BUSIBIJIN, 110 BKJIIOYEHHS 10 POOOYMX PO3YM-
HiB repGinmais Minarpo ta TiTyc oBepxHeBo-
aKTUBHUX PEYOBUH, IK-OT aMiadHa CeJiTpa,
Doikep ta Exnocan, cripusie migBUIeHHIO X
e(heKTUBHOCTI, JI03BOJISIOYN 3MEHIITUTH HOP-
My BUTpaTu TmpernapatiB Ha 25%. Takox 3a-
3HAYEHO, 110 MOEAHAHHA repOinuais Minarpo
i Kasicro 3 ag’toBanrom ATILmroc y 6akoBux
CyMilax micHIioe TepOilugHy [0 Ta Po3-
HIMPIOE CIIEKTP KOHTPOJbOBAaHUX OYp'sHiB B
arporeHo3i KyKypy/3u.

Bopamouac uncienti gocuriukents CBif-
4aTh 1IPO Te, 1110 TPUBAJIe Ta HA/IMipHE 3aCTO-
CYBaHHS OJIHUX i TUX CAMUX JIIFOUYNX PEUOBUH
MPU3BOIUTH 710 (POPMYBAaHHS PE3UCTEHTHOCTI
cepen Oyp'sHiB Ta WKigHMKIB. K BKasye y
cBoix poborax B.B. IIsapray [13], oxxum i3
Halicepio3HINNX BUKJINKIB y CUCTEMI 3aXMC-
Ty SIpUX KYJBTYD € PE3UCTEHTHICTb JI0 alleTo-
jgakTarcuHTasHux (ALS) repOinuaiB y Takux
BUJIIB OYyp'sIHIB, SIK ABOJOJBHUX BUIIB IIH-
puLi 3anpoKuHyTOi i 060K 6inoi y posmo-
BCIOJIPKEHUX 10 repOilniiB Kiacy iMigasosri-
HOHIB — imMa3amipy Ta imazamokcy. Bussieno
KPOC-PE3MCTEHTHICTh 0 repOilnaiB — iHri-
6itopie AJIC kiacy cysbhOHIICEYOBUH, a
TaKOX 0 TOXiHOTO TPUA30JIiHOHIB, 10 TIO-
XigHux Tpuazonanipuminuuis. Ilogomranus
i€l npobseMu BUMarae poraiiii Ailounx pe-

YOBUH, 3MiHM TEXHOJIOTiii 0OpOoOKHM Ta BIIPO-
BaJKEHHS repOilMIHIX CyMillIeil.

OcobsiuBYy yBary HayKOBIl TPUILISIOTH
JOCJIIKEHHIO BILIMBY XiMiYHUX 3ac00iB Ha
eHToModayHy Ta MiKpo6ioTy IpyHTY. 3rifHO
3 mannmu O.C. [lem’amniok, /[.O. Mlanmana
[15] 3a sacrocyBamus repOinuaiB y cucTeMi
3aXMCTY KYKYPY/JI3U B yMOBaxX 6e33MiHHOTO
BUPOIIYBAaHHS CIOCTEPIrasocs: 3MEHIIEeHHS
3arajbHol GioMacy MIKPOOPraHismiB y Tu-
MOBOMY YOpHO3eMi Ha 8—57% MOpPIBHSHO 3
rpyHTOM Mepesiory. MikpobiorieHo3 3a3HaBaB
Haii01/IbIIOr0 HETATUBHOIO BILIUBY L[ AI€I0
rep6inuay Ecrepon 60 k.e.y nosi 0,8 ii/ra —
BiHl 3MeHIITyBaB 6HioMacy MiKpOOPTaHi3MiB Ha
42,1% i 3HMKYBaB aKTUBHICTh OKCUIOPEIYK-
ta3 Ha 19—-20% MOpiBHSIHO 3 KOHTPOJIEM.

OTKe, MOXKHA KOHCTATYBaTH, IO ONTUMi-
3allisl CUCTeM XIMIUHOTO 3aXUCTY KYKYpPYI3u
Mae GazyBaTucs Ha MPUHIIUTIAX iHTErPOBa-
HOTO yIPaBJIiHHS, AMHAMIYHOTO MOHITOPHH-
ry ¢itocaHiTapHOTO CTAaHy Ta ajarntariii /10
KOHKPETHUX IPYHTOBO-KJIIMATUYHUX YMOB.
¥ T0ii camuii yac, moTpedye MOAAIBIIOTO 10C-
JI/IKEHHST KOMILIEKCHUM BILJIUB TaKUX CHC-
TeM Ha arpobioleH03 3arajioM, 3 ypaxyBaH-
HIM 3MiH y TOMyJISIiiHif cTpyKTypi 6yp’s-
HiB, HIKIJITHUKIB 1 IIaTOTEHIB.

MATEPIAJIN TA METOJIA
JOCIIIKEHD

Hocmimxenns 3 BUBUeHHs (iTocaHiTapHO-
TO CTaHy arpoIeHO3y KYKYPY/I3H 3aJIeKHO Bijl
CHUCTEM XiMIYHOTO 3aXMCTY MPOBOAUJIUCDH Y
30Hi [TpaBoGepesxktoro JlicocTemy Ha T0CIiA-
uomy moii B arpotteHTpi TOB «BAC® TOB»
«entp» c. Tepesune binonepkiBcbKOro p-Hy
Kuiscbkoi 061

rpyHTI/I JOCTTITHOL MIJITHKA — YOPHO3EMU
TUTOBI MastorymycHi. Bmict rymycy 3,8%, pH
COJIbOBOI BUTSIKKI — 5,6, TiAPOTITUYHA KHUC-
gotHicTh 1,6—1,9 Mr-exB./100 T rpyHTY, BMiCT
JierkorijzipoJiizoBanoro azory (3a Kopudin-
nom) — 113,0 MT/KT, pyXOMHX CIIOJIYK KaJIiio
i bochopy (3a UnpukoBUM) — BiAITOBITHO
150,0 mMr/Kr i 215,4 MT/KT TPYHTY, PiBHOBaK-
Ha miabHicTh rpyHTy 1,03—1,12 1/CM3.

[Lnoma obaikoBoi ainsgukn — 50 M2, Tpu-
paszoBa MOBTOPHiCTh. KysbTypa — KyKypy-
n3a, riopuan 3 MAO (201-300, cepearbo-
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pamHi pisHUX BUPOOHUKIB), a came Kacanpo
(Saatbau) — MAO 250; KBC 2370 (KBC) —
DAO 280; Acrepoin (Euralis, sapas Lidea) —
®DAO 290; MAC 24C (MAS Seeds) — ®AO
280; Tonauis (Vitterra Seed) — MAO 220.

Cxema focJtily BKJIOUaJIa TPU BapiaHTh
XIMIUHOTO 3aXUCTY KYKypyzas3u. Bapiantu
BiZIPi3HSJINCS Pi3HOI0O HOPMOIO BUTpAT Tep-
6inmAiB Ta ix cTpokiB BHeceHHs. Bubip 3a-
co0iB 3aXUCTy POCJIUH A KYKYPyA3u 00-
IPYHTOBAHO Oi0JOrTYHUMU 0COOIUBOCTSIMU
KYJIBTYPH, CIIEKTPOM MOIIUPEHUX Oyp’siHiB,
XBOpO0 1 MIKIZHKKIB, a TaKOXK HeoOXiAHICTIO
3a0e3MeYeHHs KOMILIEKCHOTO 3aXUCTY T10-
ciBiB. JIJist mocutiizkeHHsT 0OpaHO mpenapaTu
kommaniit BASF ta SYNGENTA, siki xapak-
TEPUBYIOTHCSI BUCOKOK Gi0JIOriYHOI0 aKTHB-
HICTIO, CEJIEKTUBHICTIO, TPUBAJIAM 3aXUCHIM
ecdexToM Ta BHeceHi /10 [lepskaBHOTO peecTpy
MTECTUTTU/IIB i arpoXiMiKaTiB, TO3BOJIEHUX JIJIsT
BUKOPUCTaHHS B YKpaiHi [16].

Bapiaut 1: Cremnap Ilaroc, 1,25 n/ra
(z.p. 50 r/n Tonpameson + 160 1/ qukamba
1,25 11 /ra), repbinma, BBCH 16—17; Amiwiiro,
0,2 si/Ta, (n.p. 100 r/n xnopanrtpaniiinpos +
50 r/n nasgMOa-IUraJOTPUH) IHCEKTHIIMI,
BBCH 18-19, Abakyc, 1,5 i1/ra (1.p. 62,5 /1
eIIOKCUKOHAa30J1 + 62,5 1/J1 nipakiocTpobin)
dymurinua, BBCH 57.

Bapianr 2: Axpic (n.p. 280 /a1 mumeTeH-
amig-II + 250 r/kr tepbyrunasun) + Cren-
nap ILmoc, 1,5 + 0,8 11/ra, repbinuau, BBCH

16—17; Amruniro, 0,2 j1/ra incextuiua, BBCH
18-19; Abakyc, 1,5 j/ra, dynrinng, BBCH
57.

Bapiaunt 3: Akpic, 1,5 J1/ra gocxonoBuii
rep6inu, BBCH 00; Cresutap Ilmoc, 1,0 71/ra,
rep6itg, BBCH 16—17; Amuiiro, 0,2 ji/ra,
incextunua, BBCH 18-19; Abaxyc, 1,5 1/ra,
dymurinua, BBCH 57.

Tep6inma Axpic, CE BHOCHIN SIK THCJISI-
cXomoBuii Tepbinuy y 2 BapianTi Ta Z0CX010-
BUI y 3 BapiaHTi [OCJiLy, 3TiITHO 3 pEKOMEH-
JIaLlisIMy BUPOOHUKA.

[Moroxui ymosu 2023—-2025 pp. mocin-
JKeHb PI3HMJINCH 32 arPOMETEOPOJIOTIYHUMHI
MoKazHuKaMu. XapakTepHoto o3Hakoio 2024 p.
OyJla KOHTPACTHICTD II€penaiiB TeMIIEepaTyp
MOBITPST Ta HEPIBHOMIPHICTH PO3TIOIITY Oma-
JiB YIIPOJIOB3K YCHOI'O BereTalliiHOro epiowy,
10 MaJIO BILIMB Ha GiOMETpUYHI ITOKa3HU-
KU POCJIMH COHSIIITHUKA M KYKYPY/A3W Ta 1X
MPOAYKTUBHICTH, €(PeKTUBHICTD XiMIUHUX
npemnaparis i 6i0JI0TiYHy aKTUBHICTD IPYHTY.
IMoromni ymosu 2025 p. gociimkedsb Oyan
CUPUSTINBI TSI BUPOTILYBaHHS COHSTITHIKA
11 KyKypy/A3Hu.

[TovoBUT mOcCTi 3aKTaZEHO 32 AOTPHU-
MaHHS MOJ0KeHb «MeTOANKN HAYKOBUX J10-
caimKens B arponomii» [17]. O6ikosi cro-
CTepesKeHHs 1010 3abyp IHEHOCTI TOCiBiB
MPOBOJWJIM TPUUL: JI0 3aCTOCYBaHHS TepOi-
uuais, Ha 21-i1 geHb micisa IX BHECEHHS, a
TakoK y ¢adi TTOBHOI CTUTIIOCTI KyKypPYyA3U.

Tabsmis 1. [TIoka3HUKH TiAPOTEPMIYHUX YMOB BETeTAIIHHOTO Eepioay KyKypy A3y,
2023-2025 pp.

Micsib
Pik
v | \% | VI VII | VIII | IX | X
Temnepamypa, °C

2023 +19,9 +26,9 +30,4 +31,8 +35,7 +28,3 +22,0

2024 +25,9 +27,3 +31,3 +35,9 +35,1 +32,5 +22,4

2025 +26,8 +25,8 +31,6 +33,7 +32,1 +30,4 +13,9
Hopwma +10,0 +15,8 +19,5 +21,3 +20,4 +14,9 +8,6

Onaou, mm

2023 102,6 14,1 87,6 136,1 19,6 8,6 67,2

2024 79,0 15,3 109,5 51,9 24,7 20,5 64,1

2025 421 64,6 136,5 96,1 47,7 44,6 68,0
Hopwma 42,0 65,0 74,0 68,0 56,0 58,0 46,0
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ITix gac o6JrikiB (ikcyBaay BUIOBUN CKJIAL
Oyp’sIHiB Ta IX unceabHicTh y Meskax 1 M2 [18].
OriHoBaHHS Bpa)KEHHsI POCJIUH XBOPOOaMu
3/1MCHIOBAJIM BIAIIOBIZHO 710 METOAMYHUX
pexomenpariiit B.I1. Omemorn [19]. [Anst Bu-
BUeHHS (hiTo(dariB BUKOPUCTOBYBAJIN CTaH-
JApTU30BaHy €HTOMOJIOTIYHY METO/UKY,
NpUIHATY B HayKoBi#l npakTuili [20]. PiBenb
MOIIKO/KEHHST POCJIUH KYKYPYA3SHUM cTe0-
JIOBUM METEJMKOM BM3HAYaJU Bi3yaJbHO
3a MmecTHOANLHOIO TTKATOI0, PO3POBIEHO0
0.0. baxmyTom [21; 22].

MartemaTuyHUl aHai3 BUKOHYBAJIU Ta
OIIpallbOBYBAJIU 3a JIOIIOMOTI0IO IIporpam Sta-
tistica 10 i Microsoft Excel 2010.

PE3VJIbTATI
TA IX OBTOBOPEHHSA

[IpoBeneni nocaifskeHHsd MOKa3aau, MO
B arpoleHo3ax ribpuiiB KyKypyusy JOMiHY€E
3MINTaHIH XapaKkTep 3aCMideHOCTI, TTPe/ICTaB-
JeHNI IK 3JIJaKOBUMHU, TaK 1 IBOJOJbHUMU
Buzamu Oyp’stHiB. Yipogosx 2023-2025 pp.
B arporieHo3i KyKypy/I3¥ BUusiBieHo 12 BuiB
cereTajbHOI POCJUHHOCTI, SIKI HaJIesKaau J10
5 arpo6ioJIoriYHUX IPYII, a caMe TIi3Hi api —
2 BUIM, paHHI Api — 4, 3uMylodi — 3, Kope-
HeIapocTKOBI — 2, KopeHeBuiHi — 1 Bu.
Y BUIOBII CTPYKTYPi GYP’sTHOBOIO KOMITOHEH-

Ty arporeHo3y KyKypyA3u IOMiHYIOTb OJ[HO-
PpiuHi BU/IH, YaCcTKa SIKUX CTAHOBUTH 85,6% Bijl
3arajibHOI KiJIbKOCTI BusiBienux BujiB. Cepery
HUX I[epeBakaloTh OAHOPIYHI api Oyp’sHu,
skl popMyoTh 74,6% 3arajibHoi OYp’sTHOBOT
cunysii. Ileit ekomorivHO-6ioMOriYHUN THTT
[PeICTABJIEHNUN TAKUMU MOIIUPEHUMU BU-
namu, sk Amaranthus retroflexus L. (mppuiist
3BUYAiiHA), Setaria glauca 1. (Mumiii cuswuit),
Chenopodium album L. (1060xa 6ina), Sinapis
arvensis L. (ripunns nosibosa), Polygonum
convoloulus L. (ripuak 6epeskoBunuii), Ga-
linsoga parviflora Cav. (ranincora apiono-
KkBiTKOBa). KpiM TOrO, y 1OCiBax KyKypya3u
(bikcyroThess ogHOPIUHI 3UMYIOUi BUIH, ce-
pel sIkux Haityacrime tpaiisiiorbest Capsella
bursa-pastoris L. Medic. (rpuiiuku 3sudaii-
ui), Viola arvensis Murr. ((iajka 1oiboBa),
Galium aparine L. (miaMapennux uinkmuit). Ix
IPUCYTHICTD Y CTPYKTYPi Oyp’sTHOBOTO yIpy-
MOBaHHSA € TUTIOBOTO /I PAHHBOBECHSIHOTO
nepioxy sererauii (mabu. 2).

Bararopiuni 6yp’siHU, 30KpeMa 0COT KOB-
tuit (Sonchus arvensis 1.), 6epeska 110J1b0Ba
(Convolvulus arvensis 1.) Ta nupiii 1oB3yunit
(Elytrigia repens 1.), cranoswiu 15,4% y 3a-
TaJIbHIN CTPYKTYPi 3aCMIYeHOCTI.

OcHoBuyMU BuAaMu Oyp’siHiB y mocisax
KYKyPy/I3u OyJIi: IUpHIs 3pudaiina — 35,6%,

Tabamusa 2. Bumosuii cknazx Gyp’ siHiB arpoleHo3y KyKypy/a3H y cepeanbomy 3a 2023—-2025 pp.

Buoswii ckiaz Gyp’siHis

ArpoGiosoriuna rpyna

Oonopiuni

[upuus 3suvaiina (Amaranthus retroflexus 1.)

Muuiii cuswii (Setaria glauca 1.)

[Tizni spi

Jlo6opa 6ina (Chenopodium album 1.)
[ipunts mosboBa (Sinapis arvensis L.)

Tipuak Gepeskosunnuii (Polygonum convoloulus 1..)
Tanincora api6HokBiTKOBa ( Galinsoga parviflora Cav.)

Panni api

I'punmku 3suvaiiti (Capsella bursa pastoris L. Medic.)

®dianka nonposa (Viola arvensis Murr.)
MMigmapennuxk uinkuit (Galium aparine 1..)

3uMyioui

bazamopiuni

Ocor xoBTuii (Sonchus arvensis L.)
Bepeska nosmosa ( Convoloulus arvensis 1..)

KopewnemnapocTtkosi

[Mupiit mosayunii (Elytrigia repens 1..)

KopeneBumni
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3 LLnpuus 3suyaiiHa, 35,6%

mm [ligMapeHHVK Yinkuii, 2,6%

mm Muwii cusun, 17,0%

mm OcoT XoBTui, 3,4%

1 Jlobopaa 6ina, 22,3%
= [ipyak 6epeskosuaHni, 0,5% =1 ManiHcora APiGHOKBITKOBA, 0,5% B [PUUMKI 3BUYaliHi, 3,2%

3 TipunuAa nonbosa, 1,0%
= Qianka nonbosa, 1,9%
1 bepeska nonbosa, 3,8%  mm Mupiii noB3yuni, 8,2%

CrpyKTypa BUAOBOTO CKJIaLy HOMYJIALiil Oyp sSHiB y arpolieHo3ax Kykypyasu, 2023—-2025 pp.

sn06o/a 6i1a — 22,3, mumiii cusuii — 17,0, -

piit moB3yuuii — 8,2% (puc.).

3abyp’stHeHICTh TIOCIBIB KYKYPY/I3U TIE€Pe/]
BHECEHHSIM 3aC06iB 3aXUCTY POCIHH Y CepPel-
ubomy 3a 2023-2025 pp. Ha KOHTPOJILHOMY
BapiaHTi Ta Ha BapiaHTax i3 pi3HUMU CUCTe-
Mamu 3axucty cranosuna 94,1-99,9 mr./m?2
(maba. 3). 3acrocyBanHs repOiUAiB y (hasi
BBCH 16-17 edexkTuBHO KOHTPOJIIOBAJIO
3a0yp’AHEHICTh TOCIBIB, IPUTHIYYIOUN PO3-
BHUTOK SIK OJHOPIYHUX, TaK i GaraTopivHmx
KopeHernapocTkoBux BuiB. Yepes 21 nenb
micjis BHeCeHHs TepOiluaiB crocrepiraio-

cs1 ICTOTHE 3HUIKEHHS YMCEJbHOCTI Oyp siHIB
y TociBax KyKypyasu. HaitBumia edextus-
HICTH Y KOHTPOJI OYP’sTHOBOTO KOMIIOHEHTY
Bi/[3HAauUasIacs 3a JJ0OCXOJI0BOIO BUKOPUCTAH-
Hs1 repOinuay Akpic, 1,5 ji/Ta Ta cTpaxoBOro
npenapaty Cremmap Ilmoc, 1,0 1/ra 'y dasi
BBCH 16-17, mo 3abe3neunsio cTiHKUi
repOituaHuii eeKT i 3MEeHIIeHHs 3arajlbHol
3a0yp’IHEHOCTI HA MAKCUMAJIBHOMY PiBHI /10
3,5 . /M2,

CymicHe BHECEHHST JOCXOI0BOTO TepOilu-
ny Akpic, 1,5 j1/ra Ta cTpaxoBOro mperapary
Cremmap Ilmoc, 0,8 51/ra mpusBesio 10 3MeH-

Tabauig 3. 3a6yp’ AHEHICTh MOCIBIB KYKYPY/A3H 3aJI€5KHO BiJl CACTEMH XiMi4YHOTO 3aXHCTY,
mt. /M2, cepenne 3a 2023—2025 pp.

Iepen Yepes 21 nenn @aza nosHoi Texuiuna
Cucrema XiMiuYHOTO 3aXHCTY BHECEHHAM TTicJis BHeCeHHs CTUTJIOCTI eeKTUBHICTB,

repOimIiB repOinuIiB 3epHa %
Konrpouan (6e3 Baecenus 33P) 98,6 147,8 174,4 —
Bapianrt 1. Cresnap Ilimioc
(crpaxosuii repbinum) 1,25 j1/ra, 94,1 10,1 19,3 88,9
BBCH 16-17
Bapianrt 2. Akpic + Cremnnap I[Tioc
(cTpaxosi repbinman) 1,5 + 0,8 11/ra, 99,2 6,4 14,5 91,7
BBCH 16-17
Bapianr 3. Akpic (ocxomoBuii
repbinumn) 1,5 1/ra, BBCHVOO, 99.9 35 8.2 95.3
Crennap [Lmoc (cTpaxoBuit
repGitmm) 1,0 1/ra, BBCH 1617
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IIEHHS YUCeNbHOCTI Oyp sHiB 10 6,4 1T, /M2,
a BHECEHHs JIMIIE CTPaxXOBOTO Tepbinumy
Cremnap Ilmoc, 1,25 n/ra no 10,1 mt./m2 Ha
KOHTPOJILHOMY BapianTi (6e3 mogaBaHHs rep-
Giluais) 3a0yp ssHEHICTh MOCIBIB KyKYpyA3U
spoca Big 98,6 1o 147,8 mt. /M2,

Y hasi nmoBHOI CTUTJIOCTI 3epHA KYKYPY-
/13U BiZIMiY€HO TTOBTOPHE 3POCTAHHS PiBHSI
3a0yp’stHeHocTi TociBiB. Ile 3yMoBIIeHO TIepe-
BayKHO IIPUIMHEHHSAM Micsizii repOiuais, a
TAKO’K I0SBOIO MMI3HIX XBUJIb IPOPOCTAHHS
Oyp’stHiB, SIKi He OYJIM MOBHICTIO MPUTHIYEH]
B Tioniepe/iHi (hasu po3BUTKy Kyasrypu. Haii-
OLJIBII YKCeIBHO B 1ell mepiox Oyim mpe-
CTaBJIEH] OJTHOPIYUHI APi Ta 3UMYIOUi BUIN,
SKi XapaKTepU3yloThCsl TPUBAJIUM TIEPIOIOM
BereTallii Ta BUCOKOIO PereHepaTUBHOIO 3/1aT-
HiCTIO.

Y 3B’a3Ky 31 3MiHAMM Y BUJIOBOMY CKJIAJTi
Oyp’sIHIB YIIPOZOBK BETETAIIHOTO TIePioLy
Ta BapiaTWBHICTIO TUHAMIKK 3a6yp’THEHOCTI
3aJI€3KHO BiJl (ha3u PO3BUTKY KYKYPY/I3H, BU-
HIKa€ HeOOXIIHICTh KiIbKICHO OL[IHUTH e(eK-
TUBHICTH 3aCTOCOBAHUX CUCTEM TePOILUIHO-
ro 3aXKCTy. 3 I[€I0 MeTOI0 GYJIO MTPOBEAEHO
aHaJIi3 TEXHIYHOI e(DeKTUBHOCTI PI3HUX CXEM
06pOOKH, 110 BKJIOYAIU SIK TPYHTOBI, TaK i
CTPaxoBi TepOiIN, OKPEMO Ta Y CYMIIIEHHUX
BapianTax. TexniuHa eheKTUBHICTh BU3HAYA-
Jlacs 3a 3araJIbHOIPUITHATOIO METOITKOIO, 110
nepebadae po3paxyHoK CTYIIEHST 3MEHIIEHHST
3a0yp’sTHEHOCTI OPIBHSHO 3 KOHTpoJieM (0e3
06pobku 33P) [23]. Orpumani pesybraTu
JAJl MOKJUBICTD 3AIHCHUTH 06’€KTUBHY
OI[iHKY Ail pisHUX mpemnapaTiB i ix KomOiHa-
il y cucTeMi 3aXUCTy KyKypyasu. Tak, Tex-
HiuHa e(eKTUBHICTh TepOIMIHOIO 3aXUCTY
nociBiB Kykypyasu cranosuia 88,9-95,3%,
IO CBIYUTH PO 3HAUHE 3HUKEHHS PiBHSA
3a0yp’IHEHOCTI TOPIBHSHO 3 KOHTPOJIbHIM
BapianToM. HaiiBumy edextuBHicTh 3adik-
COBAHO y BapiaHTax i3 KOMOIHOBAHIM 3aCTO-
CYBaHHSM TPYHTOBOTO Ta CTPAxOBOTO repbi-
III/1iB, 30KpeMa 32 BUKOPUCTAHH [IperapaTy
AKpic y 10cX010BU TIEPio.

[lnst ontinioBants epeKTUBHOCTI BHECEHHS
IHCEeKTUIIUAY TO/I0 PETYJISAIIl YUCeTbHOCTI
OKpeMUX BUJIB IIKIAHUKIB y 110CiBaX KyKy-
PYZ3M 3aCTOCOBYBAJIM TIpenapar AMILTITo,
SKUH € CHCTEMHO-KOHTAKTHIUM KOMOGiHOBa-

HUM IHCEKTUIIUIOM IUPOKOTO CIEeKTpa ii,
110 MiCTHTH JIBI AaKTUBHI PEYOBUHU 3 PI3HUMU
MexaHizmamu BriuBy: 100 T/ xTopanTpai-
ginposy ta 50 1/71 1aMO1a-1IUTraJoTpUHY.

3a MiICyMKaM# TPUPIYHUX JIOCTiKEHb
BCTAHOBJIEHO, 10 OCHOBHUMHU (hiToharamu,
SIKi 3aBIAIOTH HAXOLIBIIOI IMKOAM [OCIBAM KY-
KypY/3H, € JINYUHKN KoBaaukis (Elateridae)
Ta KyKypyassiauit crebmosuit metennk (Ostri-
nia nubilalis Hbn.). OcranHiii, mimpoxo 1mo-
ITUPEHNH Y PI3HUX arpoKJTIMaTUIHUX 30HAX
Vkpainu, 3aBAsK1 CBOIM 6i0JI0OrTYHIM 0CO0-
JINBOCTSIM 3[IaTHUY HAHOCUTU 3HAYHI TTOIITKO-
JUKEHHSI JIMCTKOBII MoBepXHi, crebsaM i Kava-
HaM KyKyDPY/3H, 1[0 TPU3BOUTH JI0 iCTOTHUX
BTpaT Bposkalo. Tak, MiJIbHICTD MOIYJISIII JI1-
YMHOK KOBAJIMKIB I1epe]] BUCIBOM KYKYpY/I31
B CEPEIHBOMY 32 POKU JIOCTIJIZKEHb CTAHOBUITA
5,1 ek3./M2, Tofii K y (hasi cXOAiB KyJAsTypH
i mokasHuKM 3pocsm 10 6,9 exs./m2. Orpu-
MaHi 3HAUeHHS MePEBUINYBAJIU BCTAHOBJIE-
HUI €KOHOMIUHUWI MOPIT MKiAIAuBOCTI (3—
5 ek3./M?) y cepenrbomy Ha 20%, 1110 BKaszye
Ha TT/IBUIIIEHUH piBeHb (hiTOCAHITAPHOTO PH-
3UKY Ha JOCJHITHUX TiITHKAX.

[nTencuBHIiCTb ypakeHHs KyKypyA3U JiH-
YMHKaMU KOBAaJIWKIB iCTOTHO BapiloBasacs
3aJIE3KHO BiJI TI[POTEPMIYHOTO PEKUMY Bec-
HSTHOTO Tiepiony. 3okpeMa, y Tpashi 2025 p.,
KOJIM CTIOCTEPITajiocsl 3HaYHe 3BOJIOKEHHS
rpyury (64,6 MM omnajiB), MOMIKO/KEHICTh
pocsmn y (asi cxozis nepesuriysaia 10—-15%
(nuB. maba. 1). Y poku 3 MOCYIMIIMBUMEI YMO-
Bamu B TpasHi (2023, 2024 pp. BiAnoBigHO
14,1 Mmm i 15,3 MM omajiiB) piBeHb YITKOKEHD
OyB MEHIITIM, Y MEKaX eKOHOMIYHOTO TIOPOTY
MIKIIJTUBOCTI.

3 MeTOIO OIIHIOBaHHS PiBHS TOTIKOJKe-
HOCTI KyKYPY/3U KyKYPYA3SHUM CTEOJIOBUM
MeTeJUKOM 3/ilicHioBaiu obcrexkenus 100
POCJIMH Y YOTUPLOX MOBTOPEHHSX y (haszax
IBITIHHA Ta MoJIouHOI cturaocti. Ilix gac
orJisaty (hiKCyBau KiJIbKiCTh yPasKeHUX POC-
JIUH Ta OI[IHIOBAJIN YHCEJbHICTb T'yCEeHUIIb
itodara.

Y pesyJsbraTi NpoBeleHUX NOCHIIKEHD
BCTAHOBJIEHO, 1110 HA YHMCEJIbHICTD Ta MOIIKO-
JUKEHHSI KYKYPYA3HU CTEOJIOBUM METETMKOM
6esrocepe/IHbO BILUTMHYJIM TIOTO/[HI YMOBU B
poku pocaimxkensb (qus. maébn. 1). Tax, Haii-
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BUIIY YMCEJbHICTH 1 MIKOJOYMHHICTD KYKY-
py/A3saHOTO cTe6I0BOTO MeTesnka Gyro 3a-
dikcosano y 2024—-2025 pp., Koau piBeHnb
ypaskeHHd TOCiBiB KYKYPY/I3U KOJIUBABCS B
Mmeskax 22,0-40,0%. HagmipHa KiJibKicTb ora-
niB y uepsui (109,5-136,5 MM, 1110 csrano
148—184% wirimatuyunoi HOPMU) CIIPUSLIA AK-
TUBHOMY PO3BUTKY MOIYJIAIIN: Y hasi 1BITiH-
HsT BUSIBJIEHO 9,5 Kamok sterb Ha 100 pocsi,
y dasi mosounoi crursaocti — po 12,0 wr./
100 pocaun. Bognouac, y imai 2024 p. piske
nigButenss remmeparypu a0 +35,9°C mpu-
3BEJIO 10 YaCTKOBOI 3arubesti 0coOuH KyKypy-
I3STHOTO MeTeJHKa i, SIK HACTi0K, /10 3MEeH-
MIEHHS MIBHOCTI TTOMYJAIiH 10 4,0 KIagoK
Ha 100 pocin, 32 3HUKEHHST TIONTKO/[KEHOCTI
10 2,5%.

BaxxnmBuM YMHHUKOM 3MEHIIEHHS TIPO-
NYKTUBHOCTI KYKYPY/3U 3JIUIIAETHCS ypa-
JKEHHsT POCTUH 30y IHUKaMU XBopob. 3 ypa-
XyBaHHSAM BHCOKOTO PiBHS MaTOTEHHOTO
HABAHTAKEHHs HA arpolleHo3 KyKypya3u Ta
CTIPUSTIUBUX YMOB JIJIST PO3BUTKY TPUOKO-
BUX XBOPOO Yy HOCTIKEHHSIX OyJIO mepe-
GayeHo 3aCTOCYBaHHs CYy4acHOTO (hyHTIIHITy
cucreMHoi aii — Abakyc (mipakaocTpoGiH,
62,5 v/ + emokcukonason, 62,5 /). Ipe-
nmapar BukopuctoByBain y ¢aszi BBCH 57 3
MEeTO0 IPUTHIYeHHs 30y AHUKIB (y3apiosy,
TeJIbMiHTOCIIOPiO3Y Ta KOMTLIEKCY JIMCTKOBUX
IIIMUCTOCTEH.

3a pe3yJibTaTaMi ITPOBEIECHNX JIOCIIiKEHb
3actocyBanHs Gyurinuay Adakyc (1,5 j1/ra)
y asi HanpuKiHIli BAKWIAHHS BOJIOTI BILIU-
HYJIO Ha PO3BUTOK Ta MOIMTUPEHHS TeTbMiH-
TOCTIOPio3dy Ta (hy3apiody KyKypyA3u. ¥ ¢asi
MOYATKY BUKU/AHHS BOJIOTI KYKypPYy/I3U PO3-
BUTOK TeJbMIHTOCIIOPiO3y CTaHOBHUB 5,8—
6,1%, nomupenns — 7,8—10,1%; po3Butox
dyszapiozy — 7,0-7,4%, nomupenus — 8,9—
10,3%. OxnopasoBe BHeceHHs] DYHTIIILY
AbGakyc 3MEHIITIIIO PO3BUTOK TEJIbMIHTOCIIO-
piosy 1o 3,6%, mommpenus — 5,8—6,0%, pos-
BUTOK (dysapiody 10 4,2%, HOUHUPEHHST —
6,2-7,0%. Ha xouTtposbHoMy BapiauTi B ce-
pPeAHbOMY 32 POKH JOCJi[XKEHb PO3BUTOK
reJIbMiHTOCIIOPio3y Ta y3apiody y dasi Ha-
TMPUKIHIII BUKKUIAHHS BOJOTI csitaB 15,7% i
16,7%, nommpenns — 17,1% it 24,1% Bizio-
BIJTHO.

BUCHOBKU

DiTtocaniTapHuii cTaH arporeHo3y KyKy-
PY/I3¥ 3HAYHOK MIpOIO 3a/I€KaB Bijil 00paHol
cuctemMu ximiunoro 3axucry. HaitepekTus-
HIIIMM BUSBUBCS BapiaHT i3 KOMOIHOBAHUM
JIOJITAaBAHHSIM TPYHTOBHX Ta CTPAXOBUX Tepobi-
IIUJTiB, 30KpeMa ToeaHanHst Akpicy (1,5 y1/ra)
Y IOCXOJIOBUI TIEPIOJ i3 MiCASICXOIOBUM BHE-
cennsim Cresunap Ilmoc (1,0 j1/ra), mo 3a6es-
[eYnsIo HalHMKYY 3a0yp’sTHEHICTb 1OCIBiB
(3,5-8,2 mir./m2) Ta HaliBuILy TeXHIYHY edek-
THUBHICTD (95,3%).

JlominyBaibHUI BUIOBUI cKJiaz Oyp’siHiB
y TIociBax KyKypyI3u (pOPMYBaJIH TIePEBAKHO
OJTHOPIUHI sTpi BU/IH, 1110 CTAHOBUIIH 10 74,6%
3arajibHOI (hiToreHoTHYHOI cTpyKTypu. Haii-
yacTinie 3ycTpivajanucs MUPHUILST 3BUYAHA,
Jo6o/a Gia Ta Mutiit cusuit. Y dasi moBHOT
CTUTI0CTI 3a(hiKCOBAHO IIOBTOPHE 301IbIIEH-
Hs 3a6yp’sTHEHOCTI, 1110 3YMOBJIEHO TPUIIH-
HEeHH$IM J1ii repOiuAiB i MOSBOIO HOBUX XBUJIb
pOpoCcTaHHs Oyp sHiB.

¥ mociBax Kykypyn3u BIpogoBxk 2023—
2025 pp. mocimpKeHb i1enTuhiKoBaHO OCHOB-
HUX IIKIZHUKIB, cepell IKUX HAHOLIbIIy MIKO-
Iy 3aBJaBaJii JUYUHKU KoBaaukis (Elate-
ridae) Ta KyKypyassHuil ctebgoBuil MeTe-
auk (Ostrinia nubilalis Hbn.). IliabHicTs
TTOTTYJISITI I KOBAJIMKIB Y (hasi CXO/[iB TIepeBu-
TIyBaJjia EKOHOMIYHUH TTOPIT MIKIZITMBOCTI, 110
CIPUYUHSLIO 10 15% TOMIKOKEHNX POCJINH.
[TourkomkeHICTh KYKYPYA3U KYKYPYA3STHUM
cTeOJIOBUM METETUKOM JI0CSATAIA MAKCHUMAJTh-
Hux 3Hadenb y 2024—2025 pp. (22,0-40,0%)
3a IMiJ[BUTIIEHOI KIJIBKOCTI OB y YepBHi (/10
170% HOpMI), TII0 CTBOPIOBAJIO CIPUSTINBI
YMOBH I PO3BUTKY I'yCEHUI[b. 3aCTOCYBAH-
Hd iHcexkTriay Awmtriro (0,2 1/Ta), BusiBu-
Jocst eDEeKTUBHUM 3acO000M KOHTPOJIIO UH-
CEJILHOCTI IPYHTOBUX i ¢TeOJIOBUX IIKIAHUKIB,
3MEHIIYIOYH MIKOOYNHHICTD Ha 25—-35%.

Y dasi BukumanHg BOJOTI 3ahiKCOBAHO
MONITUPEHHs TeTbMiHTOCTIOPio3y 10 10,1% Ta
dysapiosy no 10,3%. OaHOpasoBe BHECEHHS
dynrinuny Adakyc (1,5 1/ra) y dasi BBCH
57 3HAYHO 3HU3WUJIO PO3BUTOK TA TOIIUPEHHS
00ox iHdexIiil: y cepeqabomy Ha 40—60%
TTOPIBHSTHO 3 KOHTPOJIEM.

Tomy, KOMILIEKCHE BUKOPHCTAHHS rephi-
1IU/IiB, THCEKTUITU/IIB 1 DYHTIIUIIB y cUCcTeMi
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DITOCAHITAPHUIT CTAH ATPOIIEHO3Y RYRYPY/I3U 3AJIEFKHO BIJL CUCTEM XIMIYHOT'O 3AXUCTY

3aXUCTY KyKypyI3u 3 ypaxyBaHHAM 6i0Jio-
rivaux ocobausocteil dirodaris, BULOBOrO
ckJyaxy Oyp'siHIB Ta MOTOXHUX YMOB 3a0e3-
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BIUIUB I'YCTOTU TTOCIBY HA PICT, PO3BUTOR TA ITPOJIVRTUBHICTD I'NBPUJIIB COHATITHNRA

YK 633.854.78:631.559:631.53.04

BIIJINB I'YCTOTU ITOCIBY HA PICT,
PO3BUTOK TA IPOAYKTUBHICTb
I'BPUJIB COHAIITHUKA

I.M. TI'opoauceka, ®.®. Mypciokaes

ITncmumym aepoexonoeii | npupodoxopucmysanns HAAH (m. Kuis, Ykpaina)
e-mail: anni0479@gmail.com; ORCID: 0000-0002-1580-3450
e-mail: philipmursyukaev@gmail.com; ORCID: 0009-0009-7500-2629

Y cmammi npedcmaesneno pezyromamu docaidiicens ujo0do 6naugy eycmomu nocigy Ha mop-
gonociuni osnaku ma npodykmueHicms yomupvox eiopudie conswnuxa (Ipym, Top Cymo,
Cmapk, Asanon) 6 ymosax Jlisobepexcnozo Jlicocmeny Yxpainu. Jocaidxncenns oxonuau
nepiodu sax 3i cnpusmausumu (2023 p.), max i 3 nocywaugumu (2024 p.) noeodnumu ymo-
eamu, wo 0ano0 mMoxcaugicme ompumamu 00°eKmMUHy oyiHky adanmuenocmi eibpudie 0o
DIBHUX aepOeKon02iMHUX YUHHUKIG Ma euasumu ixnio homenyiiny npodykmuenicms. Memoro
€ 00CniddiceHHs 6NAUBY PI3HUX PIGHI6 eycmomu Nocigy Ha picm, po3eumox ma npodyKmue-
Hicmo 2ibpudie conawnuka ¢ ymogax Jlisobepescrozco Jlicocmeny Ykpainu. Memodu docaidy
6KAOMANU 00AIKU, BUMIDIOBAHHSA MA CYNYMHI CROCMEPENCeHH, AKi BUKOHY8ANU 32I0HO 3
MemoouKo nposedeHHs NOAbOBUX 0CAI0I6 Ma MemoOUKO0I0 0epiucagHo20 copmosunpody8an-
HA. Busnaueno, wo onmumizayis eycmomu nociey € 0CHOGHUM IHCIMPYMeHMOM YNPAGAIHHS
015 nosHoi peanizauii eenemuyno2o nomenyiany 2ibpudie conswHuka. Ananiz nokasaes, uo
eibpudocneyughiuna peaxyis Ha 3azyweHns 2ibpudie conawnuxa Ipym, Top Cymo, Cmapk
ma A8anoH nposeasiemucs y 3MiHi UComu pocauH, diamempa KOwWUKa ma niouyi AUCmKo8oi
nosepxui. 3okpema, ecmanosaero, wo eiopudu I[pym i Cmapk € 6irvu adanmosarumu 0o
iHMeHCUBHUX MEeXHOA02IH MA MONCYMb GUPOUWLYBAMUCS 3a 8UWLOI 2ycmomu cMosiHHsA 3a 30e-
pedcenHs sucokoi npodykmuernocmi. Hamomicms eibpud Aeanon € uymaugum 0o nideuuieHoi
KOHKYpeHyii, ujo npu3e00ums 00 pi3Koeo 3HUNCEHHS 11020 MOPHOMEMPUUHUX NOKA3HUKIE ma
KiHueeoi epoxcaiinocmi. 3a pe3yromamamu 00CAIONCEHHS 8USBAEHO ONMUMANAbHI 0iana30HU
2ycmomu nocigy 045 KOJMCH020 2i6puda COHAWHUKA, W0 € NPUHUUNOBUM 0451 NPAKMUYHORO
3acmocysans. [lokasano, wjo onmumanvra eycmoma 041 00OCASHEHH MAKCUMAAbHOI 6po-
acatinocmi o eibpudie Ipym ma Asanon cmanosums 60— 70 muc. poca./ea, a oas Top Cymo
i Cmapk — 70—80 muc. poca./ea. 3pobaeno UCHOBOK, W0 payionaibHe NOEOHAHHS eeHe-
Mu4HUX ocobaugocmell 2ibpuda 3 azpomexHoA0IMHUMU NPULIOMAMU 0A€ 3M02Y ePeKmUEHO
Kepysamu npoo0yKkmugHicmro 2ibpudié COHAUWHUKA 8 YM08AX HecmabdinbHo20 Kaimamy, 3a0e3-
neuyouu cmabinbHuil ypodcail Hagimo 3a yMo8 600H020 cmpecy.

Karouoei caosa: ypoxcaiinicmo, 2ycmoma cmosiHHs pOCAUl, diamemp KOWUKA, AoOua AUCh -
K0680i N0GepxHi, sucoma pocauH, KOHKYpeHuis pocauH, adanmueHicme 2ibpudis, ¢pomocun-
memu4HUuil nomenyian.

BCTVYII

DOL: https://doi.org/10.33730/2077-4893.4.2025.345456

Counsmauk (Helianthus annuus 1.) noci-
JTa€ TIPOBIiIHE MiCITe cepejl CiTbChKOTOCTIOAAP-
CbKUX KYJIBTYP K B YKpaiHi, Tak i y CBiTOBO-
My arpapHomy cektopi. Ile omiitHa KyIBTYPA,
IKa Ma€ BaXJIUBE eKOHOMIUHE Ta eKOJOTiv-
He 3HAUYEHH4 [IJIS1 CIJTbCHKOTO TOCIIOAAPCTBA.
B VYkpaini nig oniiiHi KyJabTypu 3aHHSITO
63bK0 70% CLILCHKOrOCIIOAAPCHKUX TLJIOL]
[1]. BupomyBatHst consiiHuka 3abesmedye
BUPOOHUIITBO BUCOKOSIKICHOI 0111, a TaKOXK €
BRKJINBUM eJIeMeHTOM ciBo3MiHn. Bognowac
COHMIIHUK € BIAMIHHUM MEIOHOCOM, KU

© I.M. Toponnesra, ®.M. Mypeioraes, 2025

Hagae 36ip Omskosamu Big 40 1o 75 kr Meny 3
OJIHOTO TeKTapa [2].

B VYkpaiui HailGisibline COHSANIHIUKA BUCI-
BaeTbcs y JIHIinponeTpoBebKiil, 3aropisbKil,
Opnechkiil, MuKoaiBCbKiii, a 10 IIOBHOMACIII-
Tabmoro Bropraentst Pocil — y XepcoHchKiit
0641. [3]. Ile 3ymoBeHO eeKTUBHUM BU-
KOPHUCTaHHAM OIOKJIMAaTHYHHUX PECypCiB, a
TAKOK 3IATHICTIO COHATITHUKA aIalITyBaTHUCS
JIO CKJIQJTHUX KJIIMAaTUYHUX YMOB, 30KpeMa Jio
nmocyx i Bucokux Temmeparyp [4]. B Ykpaini
BIIPO/IOBK OCTAHHIX JIECATUIITD CTIOCTepira-
€TbCS TUHAMIUHE 3pOCTAaHHS ILJIOI, 3AUHATUX
I1/] COHSIIITHIKOM, 30KpeMa 1 uepes ro6asbHi
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3MIHH KJIiMaTy, 10 0OYMOBUJIO PO3IIUPEHHSI
apeasty BUPOILyBaHHs KyJIbTYPU B [IBHIYHUX
perionax kpainu. Tak, 3a manumu [lep:xas-
HOI cratucTUKU YKpainu, B 2024 p. mioma
MOCIBIB COHANIHUKA B YKpaiHi CTaHOBUJIA
5123,9 Tuc. ra, mo maiixke BABiui O6isbiie, Hix
y 2000 p. [3]. Ile 3abe3neuynsio npupicr Ba-
JIOBOTO BUPOOHUIITBA COHSTITHUKA 10 12 MITH
ToH. Taka AuHaMiKa IIOSACHIOETbC IiBUILE-
HUM TIOIIUTOM HA TOBapHE HACIHHS, COHSII-
HUKOBY OJIi10, TPOIYKTH TIEPEPOOKH, a TAKOK
AKTUBHIINNM BHECEHHSIM BIJIXOIB KYJIBTYPH
Yy TBAPUHHUIITBI.

ITosHOMacIiTabHa BiiiHa, 10 PO3IIOYA-
Jlacs Ha TepuTopii YKpalHW, CIPpUYWHUAIA
3MEHIIEHHS IO ClJIbCbKOTOCIIONAPCHKOTO
BUKOPHUCTAHHS, 30KpeMa i MOCIBHUX ILJIOI]
coHsmHNKA. 30KpeMa, y 2022 p. Ha TUMYAcO-
BO OKYIIOBAHUX TEPUTOPISAX IO i €0
KYJIBTYPOIO CKOPOTHIIHCS Ha 29%, 1O csrae
6smu3bko 1,9 mutH Ta [5].

CJlijl 3a3HAYUTH, 1110 IHTeHCUBHE 301J1b-
HIEHHS OCTaHHIMU JECATUIITTAMEI YaCTKU CO-
HALIHMKA B CTPYKTYPI IIOCIBHUX ILIOLL MAE K
IIO3UTHUBHI, TaK 1 HeraTuBHI Hacaigku. Hazu-
MipHe HAaCMYEeHHS CIBO3MIH IIi€I0 KYJIBTYPOIO
VCKJIQIHIOE JIOTPUMAHHS PEKOMEHIOBAHUX
iHTepBaJiB 1epe ii MIOBTOPHUM BUCIBOM, 1110
Hece €KOJIOTTYHI PUSUKY TTOMIUPEHHS CIIelH-
hiuHux xBOpoO, OYp’sIHIB, IHTEHCUBHE BU-
cHaxkeHH4 TpYHTY [6]. BapTo 3a3nauutu, 1o
3POCTAaHHS [TOCIBHUX ILJIOI] HE CYTIPOBOJIKY-
E€THCST BiAMOBIAHNM 30iTbITEHHIM YpOKali-
HOCTI, HABiTh 32 YMOB BUKOPHCTaHHsI TiOpUIiB
i3 BUCOKHUM 0OioJoTiuHMM moTeHIiazoM. Lle
3yMOBJIEHO CKJIQJIHICTIO (POPMYBAHHS BPO-
JKATHOCTI, KA 3a7ICKUTD BiJl KOMIIJIEKCY TIPU-
ponHux (TeMIepaTypHi PesKMMU, BOJIOTICTb,
KiJIBKICTh OTMA[iB TOIO) Ta arpOTEXHIYHUX
YUHHUKIB (3POIIECHHS, 3aCTOCYBaHHS JOOPUBE,
rycToTa IociBy, BUOip TibpuiB, CTPOKH ciBOH,
HOpMa BHUCIBY To110) [4; 7]. Tomy akTyaspHIM
MUTAHHSAM 3aJINIIAETHCA TPYHTOBHE BUBYCHHS
Ta YZIOCKOHAJIEHHS KOXKHOTO arpoOTeXHIYHOTO
eJIeMEHTY BUPOIIYBAHHS COHSITHUKY.

B ymMoBax mocuiieHHS aHTPOMOTEHHOTO
HaBaHTaKEHH, 3MIHN KJIIMATY Ta 3pOCTaHHS
HOTPeOH B MIPOIOBOJIBYUNX PECYPCaX, OMTUMI-
3allisl TeXHOJIOTI BUPOIYBaHHS COHANTHUKA
HabyBae 0co0inBoI akTyanbHocTi. OqHuM i3

BU3HAYAIbHUX YNHHUKIB, 1110 O€3110CePeTHHO
Jlie Ha (hOpMYyBaHHS BPOYKAt0 HACIHHST COHSIIII-
HUKA, € TycToTa cTostHHSA pocyuH [8]. Ileit
YUHHUK € BU3HAUYAJIBHUM Yy KOHKYPEHIIii poc-
JINH 32 PeCypCcH — CBITJIO, BOJIOTY Ta IIOKUBHI
pevoBunu. Haykosi gocaimxkenns [9] min-
TBEP/UKYIOTD, 1[0 TYCTOTA CTOSTHHS BILJIMBAE
Ha iH/IMBIlyaTbHUN PIiCT i PO3BUTOK POCJINH,
e(eKTUBHICTh (OTOCHHTE3Y Ta, SIK HACTIJIOK,
Ha KiHI[EBY ITPOJAYKTUBHICTb. 30KpeMa, 3a
manumu A.A. Kandil ta in. [10], HagmipHa
a0, HABMAKM, HEJIOCTATHST TYCTOTA CTOSIHHST
MIPU3BOJIUTH 10 3HUKEHHI BPOXKAWHOCTI Ta
TIOTIPIIEHHST TKICHUX TTOKa3HUKIB TTPOJYKITii.
Tomy 3a IHTEHCHBHOTO 3eMJIepOOCTBA Ta BU-
KOPHUCTaHHS BUCOKOIIPOAYKTUBHUX IiOpUiB,
SIK1 31aTHI 710 ajianTaliii, BasKJIUBUM € IIUTaH-
Hs1 A00PY ONTUMAJIBHOI TYCTOTH TIOCIBY.

3 orismy Ha Iie, METOIO JOCJHiIKEeHHS
€ BUBYEHHS BIUINBY PI3HUX PiBHIB T'yCTOTH
crosiHHs (a0 MociBy) Ha PicT, PO3BUTOK Ta
IPOAYKTUBHICTD MOPUAIB COHAIIHNKA B YMO-
Bax JliBoGepesktoro Jlicocremy Ykpainu.

AHAJII3 OCTAHHIX TOCIIIZKEHb
I ITYBJIIKAIIIN

CBiTOBI TeHIEHIl] CBIUaTD, IO OITHMIi-
3alligd TYCTOTU TIOCIBY COHSIIHUKA € OJHUM
i3 HAWBAXKJIMBININX 3aB/AaHb JIJIST arpapiis,
OCKIJIbKI BOHA Ge31ocepe/IHbO BILIUBAE HA
BPOXKAWHICTh Ta €KOHOMIYHY e(heKTUBHICTh
BUPOIIYBaHHsI, 3a6e3Ieuye parioHaabHe 3a-
CTOCYBaHHS pecypciB JOBKLLIA (CBiTJa, BO-
JIOTH, TO’KUBHUX PEYOBHH) Ta CIIPUSIE MAKCH-
MaJIbHII peastizallii TeHeTUYHOTO TIOTEHITiaTy
MPOAYKTUBHOCTI TiGpuiB. 30kpeMa, y pobo-
Tax €Bporeiichbkux focaignukis V. Giannini,
R.K. Soothar, A. Haj Sghaier i3 criiBast. [11—
13] miakpecaroeThC, 10 ONTUMATbHA I'YCTO-
Ta TOCIBY HE € CTATUYHOIO BEJIMYMHOIO, A 3a-
JIEKHUTh BiJl TEHETUYHUX 0COOIMBOCTEN TiOpU-
J1a, PiBHSA BOJIOro3abe3nedyeHocTi, poaiodocTi
IPYHTY Ta TeXHOJIOTii BUpolyBanHs. Haykos-
i S.A. Muhammed Ta in. [14] cTBEpIKYIOTS,
10 y MOCYTIJTUBUX PEriOHAX CIIOCTEPIraeThCs
TEH7IEHIIis /10 3HUKEHHS PEKOMEH/IOBAHOI TyC-
TOTH TIOCIBY [IJIsT 3MEHIIEHHST KOHKYPEHIIii 3a
BOJIOTY Ta IiABUILEHHS IHUBIAYaIbHOI IIPO-
JIYKTUBHOCTI pocjnH. BopHouac, Ha AyMKY
S. Dong [15], aJ1st BUCOKOIHTEHCUBHUX TiOpH-
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JiB, 110 BUPOIIYIOTHCA B YMOBAX 3POIIEHHS
a60 T0CTATHLOTO 3BOJIOJKEHHST, OMTUMATBHA
TyCTOTa MOKE OYTH BUIIIOO JIJIST ONITUMI3allii
BPOXKAIO 3 OJJUHUIII TLJIOMT].

AcniekTam BIIMBY TEXHOJIOTIH BUPOIILY-
BaHHS, 30KpeMa I'YCTOTHU TIOCIBY Ha CIIEIH-
(hiuni XapaKTepUCTUKN TiOPUIIB, IPUCBIYEH]
MiKHapoaHi 1my6urikaiii Takux aBTOPIB, K
A. Miji¢, T.C. Tomasi, G.F. Nardén, R. Puttha,
E. Shahini 3 koneramu [16—20]. 3okpema,
Y CBOEMY JIOCJIIJIPKEHHI BIJIMBY ONTHUMI3aIlii
TYCTOTH TIOCiBY TiOPU/IIiB COHSTITHUKA Ha BPO-
JKalTHICTh 3€pHa, BMICT Ta BUXiz oJil, A. Mijic
[16] miitmoB BUCHOBKY, 110 MAaKCUMaJIbHOTO
BPO’KAIO B I TEXHOJIOTII MOKHA TOCSTTU BU-
KJIIOYHO 32 YMOB HAJIEXKHOTO I'PYHTOBOTO KIB-
nenns. Jocaimxenna G. FE Nardon si criBasr.
[18] posmmupioe 11e po3yMiHHS, aKIIEHTYIOYN
yBary He JIdIlie Ha IYCTOTI, a 1 Ha HOPMi BUCIBY
B yMOBax HYJIbOBOT0 06pOGITKY IpyHTY. [xHi
Pe3yJIbTaTh CBiTYaTh, IO TPOCTOPOBE PO3Mi-
MIEHHS POCJWH iCTOTHO O3HAYAETHCS HA CXO-
JKOCTI Ta, SIK HACJI/IOK, Ha 3arajibHy BpOKaii-
HicTh. 3a ganuMu R. Puttha ta cmiBasr. [19],
reHeTUYHUI MoTeHIlias TibpHUAiB Ma€ Barome
3HAUYEHHS y IXHIH peakilii Ha TyCTOTY TMOCIBY.
AJpke TexHoJ0ril BUpOOHUITBA TiGPUAHOTO
HaCiHHS IIOCTIITHO BJIOCKOHAJIIOIOTBHCS, a KO-
JKeH TiOpH/ Mae YHIKaJbHI XapaKTepPUCTUKH,
SIKi BU3HAYAIOTh HOTO JIallTUBHICTD 710 YMOB
BupoiiryBanHs. [le mosicHIOETbCS HOCTIKEH-
Ham E. Shahini 3 kosieramu [20], sixi 3a goro-
MOrof0 6araToOMipHOTO aHaJIi3y BCTaHOBUJIH,
1110 peaKilist riOpUIiB COHSAIHNKA HA YNHHUKN
JIOBKIJIJIS € BapiaTUBHOIO. Txns poGora -
KPeCJIoe HeoOXiHICTh 1HAWBIyaJIbHOTO i/
XOJy 10 KOKHOTO ribpuja 11/ yac po3poOKu
ONTUMATBHUX arpoTexnHosoriit. OTske, aHaTI3
MIKHAPOIHUX HAYKOBUX JKEPeJ CBIIIUTH
po GaraToacleKTHICTh MPOOAEMU Ta II0Ka-
3Y€, 110 JIJIS IOCATHEHHS BUCOKOI ITPO/LYKTUB-
HOCTi COHSIIIHUKA HEOOXiZIHO BPaXxOBYBaTH
B3aEMOJILIO TYCTOTH IIOCIBY, FEHETMYHUX 0CO0-
JIMBOCTel riGpUAiB Ta crerrdiuHIX yMOB HaB-
KOJIUIITHBOTO CEPEOBUIIIA.

Kpim Toro, B Ykpaini, BKpaii BaxKJIUBU-
MU € MMUTAHHS ONTHUMI3allii TYCTOTH TOCIBY
COHSIIIIHUKA, 3BasKal0uM Ha 3HAYHI CiJIbCHKO-
TOCIIOZIAPCHKI TJIOMI TMi/I MI€I0 KYJBTYPOIO ¥
MOCYIIJIMBUX YMOBaX HiBICHHUX Ta CXiHUX

perioHis. PoboramMu BITYM3HSHUX BUCHUX,
3okpeMma JI.B. ITesex ta O.M. Onydpiitayx
[21], O. Aunpienxko [22], B./l. [Tamamapuyk Ta
B.@. ITigny6Horo [23], o BUBYAIOTH ajail-
Talilo HOBUX TOPHUIIB 0 Pi3HOI TYCTOTH TIO-
ciBy B yMOBax YKpaiuu, IiJITBEP/KeHO, 1[0
cydacHi TiOpuaK COHSIIHUKA MalOTh BHIILY
IIJIACTUYHICTD Ta 3/[aTHICTD a/IallTyBaTUC /10
HIMPIIOrO Alalla3oHy I'YCTOTU HOPIBHAHO 3
nonepeaHivu copramu. Ocobausa ygsara y
nparii B.B. bopucenxo 3i cniBast. [24] pu-
JINSEThCS BU3HAYEHHIO BIIUBY TYCTOTH HA
eJIEeMEHTHU CTPYKTYPU Bposkaio (fiamMeTp Ko-
mka, Maca 1000 HacinuH, oJiifHICTD) Ta iX
B3a€MO3B 130K 3 YPOKAIHICTIO B YMOBaxX He-
CTabIJIbHOTO 3BOJIOKEHHSL.

Asropu O. Tumuninus Ta in. [25] y3araib-
HUJIW BIJIUB €JIeMEHTIB TeXHOJIOT1i BUPOIITyBaH-
H, 30KpeMa BUCOTU POCJIUH 1 JiiameTpa KOIIu-
KiB, Ha TIPOyKTUBHICTb PI3HOCTUIIMX MGPU/IB
COHSIIHUKA 3aJI€3KHO BiJl TYCTOTU TIOCIBY Ta
nmmpuHu Mixkpsaap. Coeto yeproio, I.B. [Tinb-
koBebkuit i C.II. Tanumk [26] 30cepeamnmmch
Ha yIpaBJiHHI IPOAYKTUBHICTIO COHSAIIHUKA
3aJIeKHO BiJI CTPOKIB CiBOM Ta TYCTOTH CTOSIH-
HS B MOCYIIJIMBUX YMOBaX [IpaBobepeskHoro
Cremy Ykpainu, 1o 6e3rnocepeiHbo Biodpa-
JKa€ TPOOJIEMATHKY HAIIOTO JOCJI[KEHHSI.
IIi acniexTyt GyJu geTaizoBani B myOsrikanii
LM. Koryr 3 koneramu [27], Axi mocuianim
HPOLYKTUBHICTH NGPUIB COHSIITHNKA 3a/1€5KHO
B/l TYCTOTH CTOSHHS POCJIUH 3a Pi3HUX CTPO-
KiB ciBOM Ta MiZKpeCmIr HeoOXIiAHICTD KOMII-
JIEKCHOTO TiIXO/y /10 ONTUMI3allii TeXHOJIOTII.
HesBaskatoun Ha 3HAYHI 0OCATH TOCJIKEHD,
HEIOCTATHBO OINPAIbOBAHUME 3aJIUIIAIOTHCS
HNUTAHHS MO0 ajanTalii ribpuaiB COHsIII-
HUKA /10 eKCTPEMAJbHUX ITIOTOJHUX YMOB, a
TaKOK PO3POOKU COPTIB, sIKi MOETHYIOTH BU-
COKY MOTEHIIIHY BPOKANHICTD 3 MiABUIIIEHOIO
CTPECOCTINKICTIO /10 3aTyIIeHHs Ta AediluTy
Bosiorn. Tomy Hali JOCJI/KeHHST CIIPSIMOBA-
Hi Ha BUBYEHHS (Di3i0JIOTIYHUX Ta T€HETHY-
HUX MeXaHi3MiB, 1110 Jie’KaTh B OCHOBI peaklii
POCJIH COHSIITHUKA HA TYCTOTY TIOCIiBY.

MATEPLJIN TA METOJIN
JOCIIIKEHDb

ITonboBi mocaimkeHHS MPOBOAUIU B
ymoBax JliBobepesxknoro Jlicocreny Ykpainu
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Ha pocaignomy mosi TOB «Ilone 3nanb»
(c. ITuranceke IlonraBevkoro p-ny Ilostas-
CBKOI 00J1.) BIIPOJOBAK ABOX BereTaiiiHuxX re-
pioziB: y 2023 p. 3a cCpUSATIMBUX TOTOTHUX
yMoB Ta B 2024 p. B yMoBax 1ocyxu. [pyHr —
JOPHO3EM THUIIOBNI MaJOTyMyCHMI. AHAi-
3yBaJI¥ BILIUB Pi3HOI T'yCTOTH MOCiBY Ha (op-
MYBaHHS BUCOTH POCJIWH, JiaMeTpa KOITNKa
Ta MPOJAYKTUBHICTH YOTUPHOX TiOPUIIB CO-
uamnuka: Ipyr (Clearfield) (gani — Ipyr),
Top Cymo 7+ (Sumo) (mani — Top Cymo),
Crapk 7+ (Sumo) (mami Crapk) ta ABajion
7+ (classic) (mani — ABasion). Cxemy 110JIbO-
BOT'O JIOCJIi Ly HaBeAEHO B maoiL.

O6mikn, BUMIPIOBAHHST Ta CYIMyTHI CTO-
cTepe;keHHs BUKOHYBAJIM 3TiJTHO 3 METO/H-
KOIO TIPOBE/IEHHS TIOJIbOBUX JIOCJI/IIB Ta Me-
TOJIMKOIO JIEPKABHOTO COPTOBUIIPOOYBAHHSI.
30KpeMa, CepeiHIO TIJIONTY JUCTKIB, SIK BasK-
JMBUN 1HAUKATOP (POTOCUHTETHIHOI edek-
TUBHOCTI POCJIMHU, OIIHIOBATIN KJIACUYHUM
METOJIOM BUPI3aHHsT Ta 3BAKYBaHHs (METOIOM
rtotuH ). CepeiHiii iaMeTp KOITMKA COHSII-
HUKA, O € TMPSIMUM IHAMKATOPOM IPOIYK-
TUBHOCTI Ta KUTTE3IATHOCTI POCJIUHU, BU3HA-
yasu Jiniiikoio Ha Bubipii 3 20—30 nosHicTIO
n03piaux pocaH. CepenHio BUCOTY POCTUH
COHSIIHUKA, 1110 CAYTYE IHAMKATOPOM KOH-
KYPEHIIii 32 CBITJIO Ta 3arajJibHOTO PO3BUTKY,
BUSIBJISIITU TIPSIMUMU BUMipIoBaHHAMUA. {7151
LIOTO HA AOCIIHMX ALISHKAX BigOupaau pe-
[pe3eHTaTUBHY BUOIPKY POCJIMH Ta 3a JOII0-

Cxema noJibOBOro JIOCJIilIy

T YmoBHUIT
ycroTa [Iwpuna .
Ti6pun MOCIBY, THC. | MIKPsULS, pO3IoaLL
HaCiHH,
IIT. /Ta M —
30 70 21
40 70 2.8
50 70 3,5
TpyT 60 70 4,2
Top Cymo 70 70 49
Crapk 80 70 5,6
ABasion 90 70 6.3
100 70 7,0
110 70 7,7
120 70 8,4

MOTOIO PYJIETKY BUMIPIOBAJIH iXHIO BUCOTY BiJl
MTOBEPXHi IPYHTY /10 BEPXHBOI TOUKH KOIITUKA.
BumMmiproBarHsg BUCOTH PocauH (CM) TIPOBO-
JIAJINCS 32 PI3HUX BapiaHTiB I'YCTOTU IOCIBY,
ska BapifoBanacs Big 30 7o 120 Tuc. mrT./ra.
Yci BuMiproBaHHS 3/iHICHIOBAIN HA PETIPE3cH-
TATUBHUX JIIJISTHKAX 3 YPaXyBaHHIM TPUKPAT-
HOI TOBTOPHOCTI fociny. st cratnetuaHol
00pPOOKN OTPUMAHUX JAaHUX 3aCTOCOBYBAJIH
JIACTIePCITHMI aHati3, 1110 a0 3MOTy BCTaHO-
BUTH JIOCTOBIPHICTb BIJINBY TYCTOTH MOCIBY
Ha MOKa3HUKHU MTPOIYKTUBHOCTI.

PE3VYJIBTATI
TA IX OBTOBOPEHHS

BminB rycToTH NOCiBY Ha BHCOTY pOC-
JIMH TiOpUAiB COHSIIHMKA. 3a pe3yJbrara-
MU JTOCTIKEHHS CepeHBOI BUCOTU POC-
s Tiopunis comsmuunka (Ipyt, Top Cymo,
Crapk, ABaJIoH) 3aJIe’KHO BiJl TYCTOTHU TIO-
CiBYy OIIiHEHO aJIallITUBHICTh Ta POCTOBI Xa-
PaKTEPUCTUKU TIOPUIIB y PISHUX MOTOAHUX
ymoBax (cripugtansi y 2023 p. Ta mocynimBi
y 2024 p.). Ananiz yceperHEeHUX JaHUX
3aCBiIYMB PO 3HAYHY BapiabeJbHICTh BUCO-
TH POCJIMH CepPejl AOCHIKYBaHUX TiOpuaiB
COHSTIHUKA, a TAKOXK 3aJEeKHICTh IHOTO T0-
Ka3HWKa BiJl rycToTH rociBy (puc. 7).

3okpema, Ti6pua IpyT 3adikcysas cTiliky
TEH/ICHIIITO /10 301/TbIIEHHST BUCOTU POCTUHU 31
3POCTAHHSM T'yCTOTH 10ociBy. MiHiMaibHy BU-
cory 167,0 cm BifiMiueHO 3a TYCTOTU CTOSTHHS
pocauna 30 THC. POC./Ta, & MAKCUMAJIbHY —
180,0 cm 3a rycrotu 120 tuc. pocu./ra. Ile
CBIIUUTH TIPO BUCOKY IIACTHYHICTH TiGpHIa
IpyT Ta fioro 3aaTHICTH €HEKTUBHO KOHKYPY-
BaTHU 3a pecypcu B yMOBaXx IiJIBUIIEHOI TyC-
TOTH, 110 € BAKJIMBUM IIOKA3HUKOM B YMOBaX
3MIHU KJTiMaTYy.

li6pux Top Cymo XapaKTepH3y€ThC
HalMEHIIIOI0 BUCOTOIO Cepejl YCiX JOCTI/IKY-
Banux ri6puzis. Moro Bucora kommuBaeThes
Bix 125,5 em (30 tuc. poci./ra) no 145,5 cm
(100 tuc. poca./Ta). Ha Bigminy Bim copTy
IpyT, cnioctepiraerbes iHIIA AMHAMIKA: TTICTIS
nocsaruenns makcumymy 3a 100 Tuc. poci./ra,
BUCOTA [JIEI[0 3HUXKYETHCS 3 I10AJbIINM
30ibIIeHHSM TycTOTH TOciBy (10 135,0 cM
3a 120 Tuc. poca./ra). Ile Mmoxke BkazyBatu
Ha 0TO CXUJIBHICTD 10 PUTHIYEHHs a00 BU-
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==Ipyr

cM
190

180
170
160
150
140
130

120
30

40

50 60

=B-Top Cymo

70

=k=Crapk ABajion

A
A/

80 90 100 110 120

Iycrota nociBy, Tuc. mr./ra

Puc. 1. Cepe/itst BucOTa POCMH TiOGPHIIB COHSIITHUKA 3aJ€KHO Bi/l T'YCTOTH MOCIBY, CM
(cepenne 3a 2023—2024 pp.)

JIATAHHSI 32 JIyKe BUCOKOI I'yCTOTH, OCOOJIMBO
B YMOBaX BOJIHOTO CTPECY.

Ii6pun Crapk memoncTpye crabinbie
301IbIIEHHS BUCOTU POCJIMH 13 i {BUIIECHHAM
TYCTOTH TIOCIBY, locsTatodn miky B 182,0 cm
(100 Tuc. pocn./ra). Leit ribpua HaIeKUTh
JI0 BUCOKOPOCJUX 1 XapaKTepu3yeThCs i/l
BUIIEHOIO PEAKITIEI0 Ha 301TBIITEHHS TYCTOTH,
1110 MOKe OyTH II0B'13aH0 3 HOr0 BUCOKUM I10-
TEHITIaJIOM POCTY Ta CTIHKICTIO /10 BUJISTAaHHS,
HaBiTh 32 YMOB Ie(PiIUTy BOJOTH.

[i6pua ABason Ma€ BiIHOCHO CTabiIbHy
BUCOTY POCJUH y aianasoni Bix 159,5 cm 10
168,0 cm. Makcumainbae 3nauerss (168,0 cm)
CIIOCTEPIraeThcs 3a ryctoTu crosguus 70 tuc.
poci./ra. 3 OIAIBIIINM TIOCUJIEHHSM TYCTOTH
TIOCiBY BHCOTA JIETO 3MeHTTy€eThest (710 161,0 em
32 90 Ta 120 Tuc. pocit./ra), 110 MOKe CBiIu-
TH TIPO WOTO MEHIITy TOJIEPAHTHICTh /10 HA/I-
MIiPHOTO 3aryIieHHs MOPIBHIHO 3 TiOpUgaMu
I'pyT ta Crapk, 0cobJIMBO B yMOBaX CTPECy
(2024 p.).

3arajioM, pe3yJaBTaTi MiITBEPKYIOTh, 10
3pOCTaHHs MOKAa3HMWKA I'YCTOTH TIOCIBY Iiepe-
Ba)KHO IIPU3BOJNTD A0 301JIbIIEHHS BUCOTH
POCJIMH COHSIIITHNUKA Yepe3 TOCUJIeHHST KOH-
Kypemuii 3a citiao. OpHak, s peaxiis € ri6-
pugocrenudiuHow i Moxke 6yt Moaudiko-
Bama morogHuMu ymosamu. Li6puan TpyT
ta CTapk BUABUINCS OLIbLI afalTOBAHUMIE
JI0 YIILJIbHEHHX TI0CIBiB, 30epiraroyn 3HAYHYy

BUCOTY HaBiTh y MOCYNIJIMBUX YMOBaX, 110
€ BaXJIMBOIO 03HAKOIO [T CYYacHOTO arpo-
BUPOOHMUIITBA.

[IpoBeneHo KOpeIATUBHUI aHasli3 Ta BU-
3HAYEHO, 1110 I OLIBINOCTI TIOPUIB IpocTe-
SKYETDHCS TIO3UTHUBHA KOPEJIAIIS MiXK T'YCTOTOIO
MOCIBY Ta BUCOTOIO pociuH. Takuii aHamis
JormoMarae OOTpYHTYBATH aJallTUBHUN T10-
TeHLiaJ ribpuiB B yMOBaX 3MiHU KJIIMaTy.
[le mosicHIOETBCST TTOCUIEHHAM KOHKYPEHITii
3a CBITJIO 32 30iIbIIEHHST KIJTBKOCTI POCJUH
Ha OJIUHUINIO TIJIOII, IO CTUMYJIIOE BUTATY-
BaHHs cTebJIa.

BceranoBieHi BUCOKI TO3UTUBHI 3HAYEHHS
koedirientiB kopessiii ITipcona (r) s ri6-
puzis Ipyr (r=0,873) ta Crapk (r=0,855)
MiITBEP/UKYIOTH iXHIO 3/IaTHICTD /0 BUTATY-
BaHHs cTe0Ia COHSANIHNKA B yMOBaX 3aryIleH-
Ha. [li MoKasHUKM KOpeJsIlii cBifuaTh Mpo
BUCOKY TTACTHYHICTH Tibpuais. Taka Biac-
TUBICTb € BAXKJINUBOIO IEPEBaroio, OCKiJIbKU
Jla€ MOKJIUBICTD TiOpumaM eeKTUBHO pea-
JII30BYBaTH TMOTEHIAN ypokaliHoCTi. Born
3/IaTHI /10 1IbOTO HABITH 32 YMOB BiJIXUJIE€HHS
BiJl peKOMEHI0BaHOI rycToTH ab0 32 BUPOIIY-
BaHHS B PErioHax i3 HeCTaOIIbHUM 3BOJIOKEH-
HSIM, Jie 3aryIeHHs MoKe OyTu eheKTUBHOIO
cTparerieto st 30epesKeHHsT BOJIOTH.

IMomipua kopensnisa s ri6puga Top
Cymo (r=0,592) nemMoHCTpPy€E He MEHIN BU-
pPa’keHy peakilifo Ha 3MiHy TYCTOTHU TOCIBY.
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oro Bucota 3pocTae He3HAYHO 3i 36i/bIIECH-
HAM T'YCTOTH, a 32 Jly’Ke BUCOKUX 3HAueHb
(110-120 Tuc. pocs./Ta) HaBiTh CIOCTEPI-
TacThCs TEHEHIisa 70 11 3HMKeHHd. Taka
BJIACTUBICTb MOXKe BKa3yBaTH Ha CEPE/IHIO
ITACTUYHICTD Ta 0OMEKEHY 3[IaTHICTh 1[HOTO
ribpuia o ajganraiii B yMOBax 3arylieHHs,
10 POGUTH HOro GiJIbII YyTIUBUM 0 BiIXU-
JieHb BiJl OITUMaJIbHOIL IyCTOTH IIOCIBY.

[IpakTuuno BiZICyTHS HETaTUBHA KOPEJIsi-
g g ABasiona (r=-0,112) cBiguuth 1po
oro 0OMEsKeHY PEeaKIlito Ha 3aryIeHHs MO0
BUCOTU Ta HU3DbKY IIACTUYHICTb, OCKIJIBKU
BiH IIPaKTUYHO HE pearye Ha 3MiHy T'yCTOTH
mociBy 36imbientsam Brucotu. [le Moxke 6yTn
OB 43aHO 3 IHIIUMHA AJMANTUBHUMU MEXaHi3-
Mamu abo Iy TIUBICTIO 10 CTpeCy Ta ToTpebye
GLJTBIIT TOYHOTO JTOTPUMAHHS PEKOMEH/IOBAHOT
TYCTOTH TIOCIBY.

Orixe, 32 TaHUMM OTPUMAHUX PE3YJIbTATIB
JOCJI JKEHHST BCTAHOBJIEHO, 110 JIIst TiGpU/IiB
IpyT ta Ctapk onTuMabHUII Jiatia3oH TyCcTo-
TH [IOCIBY /U151 TOCSATHEHHSI MaKCUMaJIbHOI BU-
cotu JexkuTh y Meskax 80—120 tuc. poca. /Ta.
[le Bka3ye Ha IXHIO TPUAATHICTD A5 IHTEH-
CUBHUX TE€XHOJIOT1# BUPOIILyBaHH4, /Ic BUCOKA
rycToTa MOKe OYTH BHIIPABAAHOK 3 TOUKH
3opy opmyBanHs Bpoxalo. s ribpuma
ABaJIOH OIITUMaJIbHA I'yCTOTa /1711 (pOpMyBaH-
HSI MaKCUMAaJIbHOI BUCOTH 3HAXOJIUTHCS B [lia-

cM ==Ipyr
24

=B-Top Cymo

22

20
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16
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10

30 40 50 60 70

nasoni 50—80 Tuc. pocir./ra. Ilogaspiue 36i1b-
MIEHHS TYCTOTH He MPU3BOIUTH 10 3HATHOTO
MIPUPOCTY BUCOTH, & MOKE HABITh HETATUBHO
BIIMBATHU HA iHIIT MOKA3HUKU IIPOLYKTUBHOC-
1. [loist ribpuaa Top CymMo MakcuMasibHa BU-
cota oziepskano 3a rycroru 100 Tuc. poca./ra,
aJie 3arajioM HOro BUCOTA € 3HAYHO MEHIIIOI0
nopiBuaHO 3 iHmuMu ribpugamu. Ie moxe
BKasyBaTH Ha HEOOXiAHICTD migbOpy IHIINX
arpoTeXHiYHUX HPUITOMIB /IS 1IbOTO riOpu-
na, abo HOro BUKOPUCTAHHS B YMOBax, Jie
HU3BKOPOCJICTh € TlepeBaroio (HapUKJIa,
JUIs] YHUKHEHHST BUJISITAHHS ).

BB rycToTu nociBy Ha iiaMeTp KOIIH-
Ka ribpuzaiB consimuuka. /liamerp Koimka
€ OJIHUM 3 OCHOBHUX €JIEMEHTIB CTPYKTypU
BPOJKAIO, 110 GE3MOCEPEHBO KOPETIOE 3 KiJlb-
KiCTIO Ta SKicTiO HaciHHA. /locTiIKeHHs TTpo-
BeJIEHO VIS BUSIBJIEHHST OIITUMAJIBHOI TYCTOTU
MOCiBY, 1110 3a6€3MeTy€ MAKCUMABHUIT PO3BU-
TOK KOIITHKA JIJIsT KOSKHOTO TiOpHU/Ia COHSIITHU-
Ka B yMOBax 3MiHU KJIiMary.

Anasniz ycepelHeHUX IaHUX TTOKa3HUKA Jlia-
MeTpa KOIIMKa riOPHJIiB COHATITHUKA (cepe/IHi
nokazuuku 3a 2023—2024 pp.) 3acBiuuB YiTKY
3BOPOTHY 3aJIEKHICTh MiXK TYCTOTOIO MOCIBY
Ta ZlaMEeTPOM KOIIMKA It OLIBIIOCTI AOCITi/I-
JKyBaHUX IiOpuAiB constnnka (puc. 2).

Tax, ri6pua IpyT 3a MiHIMaIbHOI TyCTOTH
nociBy (30 tuc. poci./ra) GopMy€e KOMIMIK

=4=Crapk ABason

80 90 100 110 120

Iycrora nocisy, Tuc. mit./ra

Puc. 2. Cepeniii giamerp KomrKa TiOPUAIB COHSIIHUKA 3aJI€5KHO Bi/l TYCTOTH HOCIBY, CM
(cepenne 3a 2023-2024 pp.)
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niamerpom 21,0 ¢M, 110 € 0AHUM i3 Haiibinb-
IIUX MOKa3HUKIB. 31 301/IbIIEHHIM I'YCTOTH
II0CIBY JilaMeTp KOLIMKA II0CTYIIOBO 3MEHIITY-
€THCH, 10CATAIOYN MIHIMAJIbHOTO 3HAYEHHSI
10,5 cm 3a 120 tuc. poci./ra. lle cBigunTth
PO OTO BUCOKY MJIACTUYHICTH TA 3/1aTHICTD
(hopmyBaTH BeJMKUII KOIIUK 32 ONTUMAJb-
HUX YMOB, ajle TaKOX 1 I1PO YyTJIMBICTb 10
3aryTIeHHS.

I'i6pun Top Cymo 3acBifuuB 1po Jeio
IHIIy AWHaAMiKy. 3a TYCTUHHU CTOSTHHS pocC-
jmn 30 TUC. TIT./Ta, HOTO KOIUK CTAHOBUTH
20,0 cm. Bigmiueno, mo 3a rycrotu 60 Tuc.
POCJI./Ta CIIOCTEPIracThesl HEBEJIUKe 301/1b-
TMIeHHs giameTpa 10 17,5 cm, micas Joro Bif-
OyBaeTbesa TUIIOBe 3Menment 10 10,5 cM (3a
120 Tuc. pocia./ra). Ilg ocobnusicTb MOXKe
BKa3yBaTH Ha ME€BHY TOJIEPAHTHICTb /10 TTOMIp-
HOTO 3aryiieHHs abo Ha crenndiyny peaxiio
Ha KOHKYPEHIIIO.

Ti6pun Crapk 3a rycrotu 30 THC. pocii./Ta
(bopMye xoumk giamerpom 20,5 M. Moro
peaxilist Ha 361IBIIIEHHST TYCTOTH € THITOBOIO:
MOCTYTIOBE 3MeHTIIeHHs fiameTpa 10 12,0 cm
3a 120 Tuc. poci./ra. Ieii ribpum mokasye
crabijibHy, X0Ua i1 HeraTUBHY, KOPEJISIiIo MixK
I'yCTOTOIO IIOCIBY Ta PO3MIPOM KOIIUKA.

T'i6pua ABasloH BUILISIETHCS HAUOLIBIITNM
JliaMeTpoM KOIIMKA 3a MiHIMAJIbHOI TYCTOTH
nociBy (22,5 cm 3a 30 tuc. poci./ra). OgHax,
31 301JIbIIIEHHSM I'YCTOTH, JiaMeTp HOro KO-
Ka 3MEHIIY€EThCs HAlO1JIbII PI3KO ceperr ycix
ribpuzis, gocaraoun 12,5 cm Bixke 3a 70 Tuc.
pocit./Ta i gami sHmKyeTbest 10 11,5 cm 3a
120 Tuc. poci./ra. Ile Moke cBiZUUTH TIPO
OT0 BUCOKUN TIOTEHIIaJT 32 ONTUMAaJbHUX
YMOB, & TaKOXK PO BUCOKY UYTJUBICTD 10
KOHKYPEHIIii, 0COOIUBO ¥ MOCYIIHBUX YMO-
Bax.

Ycepennenns ganunx 3a 2023 (cupugtiausi
ymoBH) Ta 2024 (TocymBi yMOBH ) POKH J10-
MOMarae OIiHUTHU 3arajibHy TeHzeH 0. Oue-
BU/IHO, IO B MOCYIIJIMBUX YMOBaX iaMeTp
KommKa 6yB MEHITHM Yepe3 BOIHUN cTpec.
Tomy, TTpe/icTaBIEH] 3HAYEHHS BiT0OPAKAIOTH
CepeIHIO peakiiio ribpuaiB Ha I'yCTOTY I0-
CiBy B yMOBax pizHOI BOJIOro3abe3eyeHoCTi.
Ti6puam, sxi 36epiraioTh BiAHOCHO OLIBIIUI
JliaMeTp KOIIMKa 3a IMiJIBUIIEHOI TYCTOTU Ha-
BITb 32 ycepe/JHeHUMH [TOKa3HUKaMU, MOJKYTb

OyTu OLIbII aZanTOBAHUMU IO CTPECOBUX
YMOB.

[IpoBenennit anasi3 KOpesasIiiiHOI 3aeK-
HOCTI JliaMeTpa KONIMKa BiJl TYCTOTU TOCIBY
3aCBIYUB, 1O /I8 BCiX ribpuais crocre-
pITAa€ThCA UiTKA HETaTUBHA KOPEJSIis MixX
UMHU ToKasHukamu (s ribpugis Ipyr —
r=-0,963; Top Cymo — r=-0,898; Crapx —
r=-0,957; ABamon — r=-0,958), 1o nae
MOJKJIMBICTb OOIPYHTYBATH afallTUBHUMN I10-
TeHIian ribpugis B yMOBax 3MIHU KJiMary.
A came: 31 301IbIIEHHSAM KiJIBKOCTI POCJIMH Ha
OIMHUITIO TIJIOTII MTOCUTIOETHCS BHYTPIITHBO-
BW/IOBA KOHKYPEHIIisT 32 KJITIOUOBI pecypcu —
CBITJIO, BOJIOTY Ta €JIeMEeHTH KuBJeHHs. [le
3YMOBJIEHO TUM, 1[0 KOKHA OKPeMa POCJIMHA
OTPUMYE MEHIIIe PecypciB, MO MPU3BOIUTH
JI0 3MEHIIeHH 11 iHANBIyaJIbHUX PO3MIpiB,
BKJIIOYAIOYN AiaMeTp Kommka. Bucoka obep-
HeHa KopeJsiiiHa 3a1eKHICTD s TiOpuiB
COHSIIITHUKA JIEMOHCTPYE HOTO BUCOKY UyT-
JIUBICTB.

AHautis nmokasye, 110 HaitbiIbIImii giameTp
KOIIUKA IS BCIX TiOpuiB (OpMyOThCs 3a
MiHiMasbHOI TycToTu 1nociBy (30—40 tuc.
poci./ra). lle miarBepmxKye, 10 17151 peasiza-
1[il TEHETHYHOTO TIOTEHIIaTy TiOPUIB 010
PO3MIpy KOIIMKa, HeoOXiaHo 3abe3neunTn
pOCJIMHAM JIOCTATHIN MPOCTIP Ta MOCTYII /10
pecypciB. OHaK, i3 TPAKTUIHOT TOYKU 30DY,
HAJITO HU3bKA T'YCTOTA MOKE TIPU3BECTH [0
He060py BposKao 3 ofuHuLi miorli. Tomy
BQKJIMBO 3HAWTH ONITUMYM MiK iHAWBIyasb-
HUM PO3BUTKOM KONIMKA Ta 3arajbHOIO TIPO-
JIyKTUBHICTIO arpOIIEHO3Y.

YcepeiteHi 1aHi TIOSICHIOOTH, 110 T10puan
Ipyr i Crapk nposBIsIOTh HAWKpAIILy ajar-
THUBHICTH Ta CTPECOCTINKICTD /IO MOCYIIITUBUX
YMOB, MATPUMYIOUYH BiIHOCHO CTAOiIBHIIT
JliaMeTp KOITMKa HaBiTb 32 IMiIBUIIIEHHS TyC-
TOTH TIOCIBY.

BB rycToTH nOCiBY Ha IUIONLY JHCTKO-
BOI NOBEPXHi ri6puAiB consamuuka. Il1oma
JINCTKOBOI MTOBEPXHi, IK OCHOBHUI TTOKa3HUK
(hOTOCHHTETUYHOT AKTUBHOCTI POCJIHH, H€3110-
CepelHbO BILJIMBAE HA (popMyBaHHﬂ BPOXAIO.
3a pesyJsrataMn aHaJnSy JUi TyCTOTH TIOCIBY Ha
TJTOIILY JIMCTKOBOI MOBEPXHI MiOPU/IIB COHSIIII-
Huka (cepenni nokazuuku 3a 2023—-2024 pp.)
BCTAHOBJIEHO OITHMAaJIbHI 3HAY€HHS I[bOTO
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YHMHHUKA s KoskHoro ribpuzxa (I'pyt, Top
Cywmo, Crapk, ABasioH), IO JI0TIOMara€ Mak-
CUMaJILHO peasli3yBaTy ixHiil TeHeTUYHUH 110-
TeHITiaJl 32 PI3HUX MMOTOJJHUX YMOB.

[IpoBesennii anasmi3 3acBiYNB UITKY 3BO-
POTHY 3aJIe)KHICTb MiXK I'yCTOTOIO IIOCIBY Ta
17101110 JIUCTKOBOI TTOBEPXHI A4 BCiX /10-
caijpKyBaHuX TiGpuie consHuka (puc. 3).
Taka peaxifist € O4iKyBaHOI, OCKIJIBKH 301J1b-
MIEeHHS KiJTbKOCTI POCJAUH HA OJAWHUINO T1JI0-
i TTOCUJIIOE KOHKYPEHIII0 32 CBIiTJIO, BOY
Ta MOKUBHI PEYOBUHU, 1O TPUZBOIUTH 110
3MEeHIIeHHs 1HUBIyaabHOI IO JUCTKIB
KOKHOI POCJTUHH.

Bceranosieno, mo ri6pua IpyT 3a MiHi-
MaJsibHOI ryctoTu nociBy (30 Twuc. poci./ra)
(hopmye 3HAUHY TIITONTY JIMCTKOBOI MMOBEPX-
Hi — 54,0 av2. 3i 36iMBIIEHHAM TYCTOTH TI0-
CiBY ILJIOIIA JIMCTKOBOI TOBEPXHi MOCTYIO-
BO 3MEHINYETHCH, JOCATAIOUYN MiHIMAJTbHOTO
smavennsa 16,5 nm? 3a 120 tuc. poci./ra. Ile
CBIIYUTD IIPO Te, IO Leli ribpus xapakrepu-
3YETHCSI BUCOKUM TIOTEHITiaIoM (hopMyBaHHS
acUMinANifHOro anapary 3a OITUMaJIbHUX
YMOB, BOJIHOYAC € YYTJIUBUM JIO 3aTyIEHHSI.

T'i6pua Top CyMo XapaKTepusy€eThes Bifl-
HOCHO MEHIIOIO TIJIOTIE0 JINCTKOBOI MTOBEPXHi
rnopiBugHo 3 [pyrom ta ABasmonom. Makcu-
MaJibHA TIJIOMIA JUCTKOBOI TMTOBEPXHI CTaHO-
BuTh 38,0 1m? 3a rycrotu crosinast 30 THC.
pocJL./ra, a MiniManbaa — 9,0 am?% 3a 120 Tuc.
pocia./ra. Cnocrepiraerbest crabijbHe 3HU-

o ~-Tpyr
65
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=B-Top Cymo

SKeHHS IIONII JINCTKOBOI MTOBEPXHi 31 3poc-
TAHHSM TYCTOTHU MOCIBY COHSITITHUKA.

Ti6pux Crapk 3a rycroru nocisy 30 Tuc.
pocJi./Ta GOPMYE TIJIOITY JIMCTKOBOI ITOBEPXHI
34,5 nvm2. SIx i s iHmmx TibpuiB mpocte-
JKYETBCS 3MEHINEHHS TIJTOMII JIMCTKOBOI T0-
BepXHi 3a 301JIbIIEHHS TYCTOTH IIOCIiBY, CAralo-
yy 3navenns 11,5 qm? 3a 120 tic. poca./ra.

[Ipo Bucokwii moteHmiag GoTocuHTe-
TUYHOI aKTUBHOCTI 32 ONTUMaJIbHUX YMOB
CBIUNTD IJI0IIA IMCTKOBOI IOBEPXHI Tibpuia
Asanon 54,5 nm? (3a 30 tuc. poci./ra). Ox-
HaK JIOCUTD pi3Ke 3MEHIIeHH aCUMIIAIIHOT
nzomi 1o 10,0 am? 3i 36iABIIEHHSAM TYCTOTH
mociBy 0 120 tuc. poci./ra BKazye HA BU-
COKY 4yTJIMBICTh TiOpH/a 10 KOHKYPEHIIii 3a
pecypcu B yMOBaXx 3aryIIeHHs.

BusiBjieHo 00epHEHY KOpEJSIiiiHy 3a-
JIESKHICTD MIXK TYCTOTOIO TOCIBY Ta TLJIOIIEIO
JINCTKOBOI TTOBEPXHI /IJIsT BCIX IOCJTI/KYBAHNUX
ribpuzis consimauka: Ipyt — r=-0,983; Top
Cymo — r=-0,993; Crapk — r=-0,980; ABa-
goH — r=-0,940. Taki MOKasHUKHU CBigYaTh
TIPO TTOCMJIEHHS BHYTPINTHBOBUIOBOI KOHKY-
penii ribpuaiB COHMIIHMKA 3a CBITJIO, BOLY
Ta TMOKWBHI PEYOBUHM, 10 TTPU3BOJUTH /10
3MEHIIeHHST PO3MIipiB IHANBIyaTbHOTO acu-
MIJISIIITHOTO arnapaTy KOKHOI POCJIMHU. AJiKe
IJIACTUYHICTD MIOPUIIB 10 3MiHU TYCTOTH O~
CiBy BU3HAYAETbCA MO0 31aTHICTIO a/fallTyBa-
TH CBOI MOP(OJIOTIYHI 03HAKU, 30KPEMA TLIIO-
Iy JIUCTKIB, /10 3MiH YMOB BUPOITYBaHHSI.

=#=Crapk ABasnon

80 9 100 110 120

[ycTora nociBy, Tuc. mT./Ta

Puc. 3. Cepens momma JTUCTKIB TiOPUIIB COHANIHNKA 3aJI€KHO BiJl TYyCTOTH MOCIBY, M2
(cepenne 3a 2023-2024 pp.)
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BruiuB rycToTH OCIBY Ha IIPOIyKTHBHICTD
riopuais consgmnuka. OCKiIbKY BPOKaAHICTD
€ iHTerpaJbHUM MOKa3HUKOM, 1O BigoOpa-
JKa€e ePeKTUBHICTh BUPOILYBAHHS KYJIBTYPHU
Ta Oe3rocepeHbo BILIMBAE HA €KOHOMIUHY
JIOILIBHICTD BUPOOHMIITBA, IIPOBEIEHO aHAJI3,
10 JIOIIOMAra€ BUSBUTHU HAWKPAIy TyCTOTY
HOCIBY JIJISI KOJKHOTO riOpHUAa It ONTUMAJIb-
HOTO BUKOPUCTAHHS iX TEHETUIHOTO TTOTEH-
1iaty 3a Pi3HUX MOTOTHUX YMOB.

AHaiz yposkailHOCTI TIOPU/IB COHSIIITHIKA
3aJIeKHO Bifl TycToTH mociBy (2023—-2024 pp.)
3aCBiAuMB, 100 4151 OLIBLIIOCTI riOpUAiB CIIo-
CTEpIiTaeEThCS KPHUBOJiHINIHA 3aJEKHICTD 3
HagBHICTIO onTUMaabHOI TycToTu. [licas no-
CATHEHHS MKy BPOXKaWHICTb MOYUHAE 3HU-
JKyBaTHCS 32 MTOJIAJIBINIOTO 3aryIIEHHS POCITMH
consmmnuka (puc. 4).

Bcranosieno mocTyiose 30i/1bIleHHs BPO-
skaiiHocTi ribpuga IpyT Big 2,7 1/Ta (30 THC.
poci./Ta) no makeumymy 3,3 T/ta (70 Tuc.
poci./ra). Iloganpine 3aryiests cripuiu-
HIJIO 3HUIKEHHST BposKaitHoCTi 10 2,5 T/Ta
(120 trc. poci./Ta). lle Bkazye Ha ONTHMATb-
Hy rycrory it Ipyra B giarazoni 60—70 tuc.
pocur./ra. lnsa riopuga Top Cymo Takox Bii-
Miv4eHO 3pOCTaHHs BPOKAWHOCTI Bix 2,5 T/Ta
(30 Tuc. pocn./ra) no makcumymy 3,1 T/Ta
(70-80 tuc. poca./ra). Ilicas mporo Bpo-
JKalHICTh 3MeHTIyeThes 110 2,4 T/Ta (120 THc.

==Ipyr
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=B-Top Cymo

poci./ra). OurumanbHa TyCTOTa JJIs ridpu-
na Top Cymo 3naxonutbes B mianasoni 70—
80 TucC. poci./ra, 1o AEI0 BUIIe, HixkK /1 ri0-
puna Ipyr. Cxoxa quHamika BifiMiueHa i
riopuga Crapk: yposKaiiHicTh 301JIbIIYETHCS
Bizr 2,6 T/Ta (30 THC. POCIIL./TA) 10 MAKCUMYMY
3,2 1/ra (70-80 Tuc. poca./ra). [loganbmre
3aryIieHHs] TPU3BOUTH 10 3HUKEHHST BPO-
KaiHoCTi 10 2,5 T/Ta (120 THe. pocn./ra).
Jls ribpuga ABajion HaliBUINA BPOKANHICTH
crioctepiraerbest 3a ryctotu 30 Trc. poci./ra
(2,8 T/12), Aika pocsrae makcumymy 3,1 T/Ta
3a 60-70 Tuc. poci./ra. Opnak, itoro ypo-
JKalHICTh 3MEHNIYEThCS JIy’Ke Pi3KOo 3a I0-
JIAJIBIIOTO 301/IBIIEHHST TYCTOTH, JOCSITAIOUM
MiHiMasbHOTrO 3HaUenus 2,3 T/ra 3a 120 tuc.
poci./ra. Ile BKasye Ha itoro Gijbiny 4yTiu-
BICTPH /10 3aryIieHHs MOPIBHIHO 3 IHIUMHA
ribpugamu.

[IpoBenennii KopendmiiHUI aHami3 3a-
JIESKHOCTI BPOKAITHOCTI COHSANIHUKA Bif[ TyC-
TOTH HOCIBY IIATBEPAKB, IO AJISI BCiX ribpu-
JIiB COHSIIITHKKA TIPOCTEKYEThCS MOMIpHa 200
ciaabKa KOpesllisg MixK IIUMU YMHHUKAMMU,
gKa BigoOpaskac KPUBOJMIHINHMIT XapakTep
3aJIEKHOCTI (3POCTAHHS /10 ONTUMYMY, T0-
TiM 3HM)KeHHs). UMCcI0BI TOKa3HUKHN Koe-
(inienra kopesanii [lipcona () mix rycro-
TOIO TIOCIBY Ta YPOKAHHICTIO /IJIsT KOSKHOTO
ribpuga € takumu: Ipyr — r=-0,052, Top

—A—Crapk ABajon

80 9 100 110 120

[ycrora nociBy, Tuc. mr./ra

Puc. 4. YposkaiiHicTb ribpuiiB COHANIHUKA 3a/1€KHO BiJl 'YCTOTH TIOCIBY, T/Ta
(cepenne 3a 2023-2024 pp.)
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Cymo — r=0,053, Crapk — »=0,053, ABajsion
— r=-0,292. Husbki 3HaueHHS KoedillieH-
TiB Kopessiii (6M3bKi 10 HYJIST) CBiUaTh,
1[0 JiHifiHAa MOJe/ib He TOBHICTIO OIHUCYE
B32aEMO3B’SI30K MiK TYCTOTOIO TTOCIBY Ta BPO-
JKallHicTIO coHgmHuKa. lle mosgcHioe Halre
NPUIYIIEHHs, IO BPOKalHICTh riOpuiiB He
MPOCTO 3pOCTAE a60 3HIKYETHCS 3 TYCTOTOIO
MOCIBY, & TPOXO/IUTD Yepe3 ONTUMabHe 3Ha-
YeHHS KiJIbKOCTI BHUCIBY POCJUH Ha TeKTap,
3a AKOI BpOKalHIiCTh Oy/ie MaKCHMaJIbHOIO.
Big'emnua xopensiis ansg Ipyra Ta ABanona
CBIJIYNTD PO TIepeBakanHs eeKTy 3HUKEH-
HS YPOSKaITHOCTI TCIIST ONTUMYMY.

Ha ocHOBi oTprMaHuX pe3yJsibTaTiB BUi-
JIEHO OTITUMAJIbHI /Iialla30HU TYCTOTH TIOCIBY;,
AKI € BAKJIMBUMU IS IIPAKTUYHOTO 3aCTOCY -
BaHHs. A came: st Tibpua IpyT onTuMaib-
Ha TYCTOTa JJII MaKCUMAJIbHOI BPOKAlHOCTI
cranoBuTh 60—70 THC. pOCIL./Ta; s ribpu-
aiB Top Cymo ta Crapk 1ell giamasoH csrae
70-80 Tuc. pocit./ra; aast ribpuga ABajion —
60—70 Tuc. poci./ra, ane 3 OGLAbII BUpaXKe-
HUM 3HIKEHHSM 32 TIO/IAJTBIIIOTO 3aTyTICHHS.
Ozepskani mokasHUKU DIiKCylOTh ribpuo-
crieru@igHICTh ONTUMATBHOI TYCTOTH MOCIBY
COHSIIITHIKA, 110 HEOOXIHO BPAXOBYBATH ITijl
Yac [IanyBaHHs CiBOuU.

OTKe, B3aEMO3B SI30K YPOKaltHOCTI ribpu-
JIiB COHSANIHUKA 3 IHNMMHI MOP(HOJTOTITHIMA
MOKAa3HUKaMU (ZliaMeTp KOIIMKA Ta IJI0IIa
JINCTKIB) MIATBEPKYE, 1O 11i MOPMOJIOTITHI
O3HAK! € eJIeMeHTaMH CTPYKTYPH BPOXKalo, 1 iX
CYKYITHA PeaKIlid Ha TYCTOTY MOCiBY BU3HAYAE
KiHIIEBY TPOLYKTUBHICTh. ONITHMAaJbHA TYCTO-
Ta 0OYMOBJTIOETHCS GATTAHCOM MIXK KIJIBKICTIO
POCIUH Ha OMUHUIIIO TIJIOIII Ta IHANBIAYyab-
HUM PO3BUTKOM KOXHOI pocaunu. Otpuma-
Hi Pe3yaBTaTh MOCIIUKEHHS BiToOPaKaOTh
peakiiifo ribpuiB Ha IycTOTy HOCIBY B yMO-
Bax pi3HOI BosorosadesnedeHocTi (Crpusr-
auBi y 2023 p. Ta mocymiausi y 2024 p.)
yepes BoxHMil crpec. [16puan COHSIIHMKA,
stKi 30epiratoTh BiJIHOCHO BUIIY BPOKAIHICTH
3a MiIBUTIEHOT TYCTOTH TIOCIBY, MOKYTDH OyTH
GiJIBII aATITOBAHUMM /IO CTPECOBUX YMOB.

BUCHOBKHA

OnruMasbHa TYCTOTa TIOCIBY COHSAITHUKA
JUISL IOCSATHEHHS MaKCUMAaJIbHOI BUCOTH POC-

JIVH 3HAYHO Bapiloe 3aJ1eXKH0 Big ribpuaa. s
ri6puais Ipyt ta Crapk HaliGLIbII CIPUATIN-
BUM € miana3on rycrotu 80—120 Tuc. poci./Ta,
1[0 TiIKPECJIOE iX NPUCTOCOBAHICTD J0 1H-
TEHCUBHUX arpoTexHoJoTii. /st ayTamBoro
JIO 3aTyIIeHHs TiOpuia ABaJlOH MaKCUMaTbHA
BrcoTa opmyeThest 3a ryctotu 50-80 Tuc.
pociL./Ta, a i Hu3bKopocsoro ribpuga Top
ryctota crostaas pocawa 100 Tuc. poci./ra
€ IIepeBarolo, o 3a0e3neuye yHUKHEHHs BU-
JISITAHHSI.

Haii6ipimmii iaMmeTp KOTTIKa COHSIITHI-
Ka, SIK BaKJIMBUI IHAMKATOP peakiiil ribpuiis
Ha TyCTOTY IOCiBY Ta piBeHb BoJIOro3abes-
MEYEHOCTI, JIsT BCiX TIOPUJIIB YTBOPIOETHCS
3a MiHimMasbHOI TycTotu nociBy (30—40 Tuc.
pocir./Ta). e nosicHioe mpo HeoOXiAHICTh Ha-
JTAHHST POCJIUHAM JIOCTATHHOTO MPOCTOPY IS
[TOBHOTO PO3KPUTTSI iXHOTO T€HETUYHOTO TI0-
tenuiany. TiGpuau TpyT i Crapk 3acBigunim
Kpalty aflalTUBHICTb Ta CTINKICTD /10 CTPeco-
BUX YMOB HOPiBHAHO 3 ribpugamu Top Cymo i
Asasion. Bonu 36epiraiors BiIHOCHO GiIbIImii
JliaMeTp KOITMKA HaBiTh 32 TMi/IBUIIEHOI TyCTO-
THU, 1[0 JOBOJUTH IXHIO IPUAATHICTD /IJIs1 BU-
POIIyBaHHS B yMOBaX iHTEHCUBHUX TEXHOJIO-
riif Ta HecTabiIbHOI BOIOTO3a6€3MeYeHOCTI.

3MeHIIIeHHs IO JTUCTKOBOI TIOBEPXHi,
SK IHAUKaTOpa (DOTOCMHTETUYHOI aKTUBHOC-
Ti Ta 9yTANBOCTI TiGpUAIB comsnTHuKa I[Py,
Top Cymo, Crapk Ta ABajoH, 0O6EPHEHO KO-
PeJIoe 31 301JIbIIEHHAM TYCTOTH MOCIBY (Koe-
(imient Ilipcona KOIMBAETHCSA B MeEKax #=
=-0,940...-0,993). Ile 06yMOBJIE€HO TIOCHU-
JIEHHSIM BHYTPIITHBOBU/IOBOI KOHKYPEHTIi1 3a
pecypcr. HaliGinbIm 4y TAIMBIM 0 3aryTIeHH
BUSBUBCS TiOpua ABaoH 3 HAHOLIBIIONO ILIO-
1T1ef0 JIMCTKOBOI MOBEPXHI 32 MiHIMAJIbHOI TyC-
totn (54,5 am%/pocir. 3a 30 ThC. poc./ra), mo
CBIYMTH PO HOr0 BUCOKUI IIOTEHIiaI Ta 00-
Me)KeHY TIJTACTUYHICTB JI0 3aryIeHHs. Butiomo
AIIATUBHICTIO 1 CTPECOCTINKICTIO XapaKTepu-
sytorbes Tiopuan Ipyt, Top Cymo ta Crapk,
sIKi 30epiratoTh BiIHOCHO OLJIBIIY ILIOIILY JIUCT-
KOBOI [1I0BEPXHi 3a MiIBUIIEHOI TYCTOTHU.

MaxkcumanbHy BpoxKailHicTh ribpuiiB co-
HsamHUKa IpyT Ta ABajoH 3abesneuye xia-
Ma3oH TycTOTH mociBy 60—70 Tuc. poci./Ta,
tozi sik it Top Cymo i Crapk Bin csarae 70—
80 twmc. pocu./ra.
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Ti6puau coHsAmnuKa, SKi 36epiraiots Biz-
HOCHO BHMCOKY IIPOJIyKTUBHICTb 32 IiZIBUIIe-
HOT TYCTOTH, € GITBIIT aIATTOBAHIMH /10 CTPe-
cOBUX YMOB. /17151 ofiep:KaHHsI MaKCUMAJIbHO-

a if IXHIO 3/1aTHICTh (POPMYyBaTU eJleMEHTH
CTPYKTYPU BpOsKalo (JliaMeTp KOIIMKa, [1JI0MIa
JINCTKIB, BUCOTY POCJIMH) B yMOBaX iHTEHCHUB-
HOI KOHKYPEHIIii, 3MiHU KJIiMaTy Ta BOJIOT03a-

Tr'o BpOJKato HeO6XilIHO BPaXOBYyBaTH HE JINIIIE 663H6'-IEHH51.
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Pmymo (Hg) € 00num i3 naiinebesneuniuiux 3a6pyoniosauie 006Kiiis yepe3 8UCOKY MOK-
cuyHicms ma mobinvHicms. Bona cmanosums 3Hauny 3a2posy 045 eKocucmem ma 300p08’°s
NH00UHU, 0COOAUBO 8 PALIOHAX, W0 3A3HAAU BNAUBY NPOMUCA0BOT MA MEXHOREHHOI 0ISNbHOCMI.
Texnoeenni mepumopii, 30Kkpema 30HU 6NAUBY RIONPUEMCIE, HECYMb 3HAUHY Hebe3neKy 045
HacenenHs ma Oiopiznomanimms. Pimopemediayis € ekosoeiuno 6e3neuHor ma eKOHOMIYHO
BUCIOHON MEXHO0N02I€H0 045 O4UUeHHs 3a0pyOHenux rpyumie. Y uvomy konmexcmi doc-
Ni0xucerHs 610 CNPAMOBAHO HA OUIHKY Ma NOPIGHAHHS (pimopemediauilinoeo nomeHyiany
d6ox nowupenux eudie micyeeoi gropu — xonowuHu nossy4uoi (Trifolium repens L.) ma
xorowunu ayunoi (Trifolium pratense L.). Jlocaioxwcenns npoeoduau in situ Ha Oirsankax iz
PDI3HUM pi6HeM MeXHO2eHH020 3a0pyOHeHHs TpyHmie pmymmio (6 diana3oui 0,04—5,26 me/ke).
Konyenmpauiio Hg y 3paskax rpynmy ma eucyuwieniit Ha03emuiil Maci pocaun GU3HA4aiu
Memodom amomuoi abcopbuyii 3a donomoeoro ananizamopa pmymi DMA-80 evo (Milestone,
Imanin). [ns ouinku 30amuocmi pocaun 00 HAKONUYEHHA MOKCUKAHMA PO3paxo8yeant 06io-
KoHyenmpauyitinuil pakmop (BF) — cniesionoutents konyenmpayii pmymi 'y Hao3emHiii maci
pocaun 0o ii konyenmpauii y rpyumi. Bemanoeaeno, wo emicm Hg y nadzemniii maci 060x
6U0i6 KOHWWUHU 3DOCMAG PA30M 31 cmyneHem 3a0pyoHeHHs Tpyrmy. Makcumanvhi 3aghixco-
6ani konyenmpayii cmanosuau 0,25 = 0,01 me/xe oasn T. repens ma 0,45 = 0,01 me/xe ons
T. pratense. Baxcauso, wo Ha dinsnyi 3 HaiimeHwow Konuenmpauiero pmymi (0,04 me/xe)
o6udea eudu npodemoncmpysaru BF > 1, wo éxasye na ixuiti nomenyian sk 2inepakymyns-
mopis y uux ymosax. Pezynomamu niomeepoxicyroms, w0 06u0ea uou KOHIOUIUHU MOJNCYMb
bymu epekmueHo inmeeposani 6 cucmemu gpimopemediayii pmymi. Trifolium pratense euseu-
2acs nepcheKMUHiuuUM eudom 045 gimoexcmpaxyii 3a80axku 6iavwiti Haozemuii biomaci
ma 30amuocmi 00 HAKONUYEHHS OiAbUlol KIAbKOCMI Ub020 Memany Ha 3a0pyOHeHUux rpyH-
max. [lodanvuii docaidxcenns maroms 6ymu cNpAMOBaHi HA BUSHAYEHHS NOPO2ié imomoK-
CUMHOCMI, BUBHEHHS MeXAHI3MI6 OioaKymyasayii ma po3pooKy 6e3neuHux wiaxie ymuaizayii
3a6pyoHenoi biomacu.

Karouosi crosa: pimopemediauis, eaxcki memanu, Hg, 3abpyounenns, xoepivienm 6io-
akymyaauii, pimomoxcuunicms, Fabaceae, cmiiikicmb pocaun, 3a0pyOHeHHs TPYHMIE.

DOL: https://doi.org/10.33730/2077-4893.4.2025.345457

BCTVYII

3a6pyHEHHS TOBKIJIISA BAKKUMU MeTa-
samu, 3okpema pryrtTio (Hg), € aktyambHoio
r/106a/IbHOIO €KOJIOrTYHOoI0 1pobiemorlo. Ilei

© A.M. Tl'anonenko, A.M. I'narior, M.B. Rymux,
B.1. bounaps, O.B. Baom, 2025

eJIeMeHT HaJIeKUTh /0 HAMTOKCUYHITINX 1 He
BUKOHYE KOAHMUX Oio0riyHmX (hyHKIL y poc-
JiuH. Brucoka MoGibHICTh PTYTI B atMocdepi
cripuse 1i TPAaHCIOPTYBAHHIO Ta BUTIAJ[IHHIO
HaBiTh Ha BiJjajJeHuXx BiJ axepesn 3a0pyi-
HeHHd TepuTopisx [1]. 3a nanumu AreHTcTBa
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3 OXOPOHM HaBKOJMUIIHBOTO CEpeoBUINA
CIITA (EPA) Ta ArenTcTBa 3 peecTpy TOKCHY-
HUX peyoBuH Ta 3axBopioBanb (ATSDR), Hg
MIOCiIa€ TPETE Miclie Y TPIOPUTETHOMY CITUC-
Ky HeOE3MEYHNX PEYOBMH MICIISI MUTITSIKY Ta
cBuHITIO [2; 3].

OcuoBuuMu RepesamMu Hg-konTamina-
il € TIpHUYO-MeTaJypriliHi MiAITPUEMCTBA,
XiMigHA TIPOMUCIIOBICTD, 3BAJIUIIA TIPOMUCIIO-
BUX 1 IOOYTOBUX BiAXO/iB. 3HAYHUI BHECOK
y 3a6pyIHEHHS 3MIHCHIOIOTh TAKOK BUKUIN
TEeTJIOeJIEKTPOCTAHIIIH, IO CITAMIOI0TH BYTIJI-
Jisg, @ B MUHYJIOMY — BUKOPUCTAHHS PTYTHUX
HECTHUITU/IIB Y CITbCHKOMY IOCIIOAAPCTBI [4; 5].
[lonaTkoBUM KepesioM HaIXOKeHHST PTYTi
y JIOBKIJIJIS € BOEHHO-TEXHOTEHHI MpoIecH,
1[0 CYTIPOBOJIKYIOTH GoioBi ail [6].

BwmicT pryTi B rpyHTax (hOHOBUX TEPUTO-
piii Ykpainu Bapiio€ 3aJjie;KHO Bijl IPUPOJI-
HUX Ta aHTPOTIOTEHHUX YNHHUKIB. [To6u3y
ITPOMUCJIOBUX 30H 1 MOJITOHIB BiZIXO/IB KOH-
LEHTPAIliS eJIeMeHTY Y IPYHTaX 1 POCIAUHHUX
YIPYIIOBAHHSAX ICTOTHO IEPEBUIIYE IIPUPOJL-
HUU piBeHb. 32 TAHWUMMU JIiT€PATYPH, TTi/[BU-
uenuit BMict Hg Moske criocrepiratucs Ha
BizicTaHi 10 7 KM Bix JsKepena 3a6pyAHEHHSs
[7]. TpanuarO HOTyCTMA KOHIIEHTPAITis PTY-
Ti y IpyHTax YKpaiHu BCTaHOBJEHA Ha PiBHI
2,1 mr/xr [8].

OpnuM i3 Hal3abpyAHEHINTIX PTYTTIO
00’exTiB B YKpaiHi € TepUTOpist KOJIUITHHOTO
BAT 3ason «Panukan» y Kuesi, akuii mo
1996 p. crerianisyBaBcss Ha BUPOGHUIITBI
niHomosiyperany, 6epTOJIeTOBOI €O, Tep-
MOOYTHIIY Ta 3aco6iB 3axucTy pocauH [7].
Pewmeniamnist rpyHTIB 11i€1 TEpUTOPii Ta cUCTe-
MAaTUYHUN MOHITOPUHT CTaHy JAOBKLILISA 3a-
JINNIAIOTLCS AKTYaJIbHUMM 3aBJIaHHAMU.

Posbp pocaun y mpoiiecax OUMIEHHS
IPUPOHOTO CepeoBrIna € He33anepeuHoro,
o/lHaK JaHi mo/o0 BBy Hg Ha KOHKpeTHi
BU/IM, 2 TAKOXK MEXaHi3MW HAKOTTMYEHHS Ta
GioyTuIrisalii bOro MeTajy 3aJMIIaloThCs
0OMEKEHUMU.

st hopmyBaHHS e(heKTUBHUX CTpATETiil
ditopemeniallii BakJIMBUM € JTOCIIPKEHHS
norexiiany 6ioakymyJsiii pryTi miciesu-
MU BUJAMU, CTiiikumu 10 3abpyzanenss. I1o-
€/IHAHHSA aBTOXTOHHUX POCJIMH Ta Cy4YaCHUX
arpoTeXHOJIOTII MOJKe CTaTU IePCIIeKTUBHUM

MIJX0Z0M 0 BIJIHOBJIEHHSI €KOCUCTEM, 3a-
OPYAHEHUX PTYTTIO.

MerTo10 1bOro AOCTizKeHHsT OYJI0 BU3HA-
YUTU PiBHI HAKONUYEHHS PTYTi y Hal3eM-
HUX OpraHax pocJivH BuAiB pony Trifolium L.
(Fabaceae), BusiBJieHUX B 30HI aHTPOIIOTEH-
HOro 3a0pyAHEHHs, Ta IOPIBHATH iX i3 110-
KazHMKaMK KOHTPOJIBHIX POCJIVH, BifiGpaHux
Ha He3aOPYIHEHUX TEPUTOPISIX, 1100 OIIHUTH
(iTopememiatiiinuii moTeHIiaN IIUX BUIB.

AHAJII3 OCTAHHIX TOCIIJIZKEHb
I ITYBJITKAIIIN

[TuranHs 3a6py/THEHHS IPYHTIB BAKKIMH
MeTaJlaMH, 30KpeMa i PTYTTIO, Ta MOKJINBOCTI
iX peMenialfii 3a JI0IIOMOTOI0 POCJUH MTUPOKO
BUCBITJIIOETHCS Yy 3aKOPJOHHUX 1 BITUM3HS-
HUX TTyOUtiKanisax. 3a JaHUMH, sIKi HAaBOJSATHCST
y crarTi B. KoBasbuyk [7], y 3a6pyaHennx
rpyaTax Kuesa BMicT pTyTi KOJTMBAETHCA BijI
0,5 10 2 MT/KT, OMHAK Y JIOKAIbHUX [iISTHKAX
moske carati 10 mr/kr i 6iabine. A. Camuyk
Ta iH. [9] 3a3HayaTh, 1110 HaiibiIbIIa YacTKa
BAKKUX METANiB y IPyHTaX 30Ccepe/skeHa B
oprauiuniii hbopmi (34—44%, nogexyau 1o
52%), 0 TOTO K MaKCUMaJIbHi KOHIIEHTpaIrii
CTIOCTEPIralOThCs Y BEPXHBOMY TYMYCOBOMY
ropusoHTi. PTyTh 31€0i/IbII0T0 YTBOPIOE 3
IYMIHOBMMM KHUCJIOTAaMU PO3YMHHI Ta MaJlo-
PYXOMi B KMCJIOMY CEPEIOBUII KOMILJIEKCH.
E. Tiodar Ta in. [10] BKa3yioTh, 0 3HIKEHHS
pH rpyHTOBOrO po3unny crpuse IijBUIICH-
HI0 MOGipHOCTI HE,

[Tornpu Bucoky tokcuunictb, pryth (HE)
HAJIEKUTD /10 HAMEHII JOCJI/PKEHUX eJie-
MEHTIB y KOHTeKcTi ¢itopemeniarii. Ile mo-
SICHIOETHCA 11 XIMIYHUMHU BJIACTUBOCTIMU Ta
HU3bKOIO MOOITTBHICTIO B TPYHTOBOMY CEPEIo-
sui. Jlami E. Tiodar ta in. [10] 3acBiguytoTs,
110 HU3KA BUJIIB POCIUH 3/1aTHI e(heKTUBHO
akyMmyJioBatu abo crabinisysati Hg y cBo-
iX TRAHWHAX, 3HIKYIOYH ii 6i0MOCTYTHICTD
JUIST THIITUX OPraHi3aMiB. 3HAUHI KOHIIEHTpAILil
I[LOTO €JIEMEHTY MOKYTb aKyMyJIIOBaTH Jie-
SIKI CL/IbCBKOTOCIIOZAPChKI KYJIBTYPU, 30KpeMa
6000Bi, KapToILIs, canaT i Mopksa [7].

J. Sharma Ta in. [11] 3a3HauaroTs, 1o Me-
XaHi3Mu peMesialii pTyTi 3a y4acTIO POCIUH
BKJIIOYAIOTH (hiToeKcTpakiliio (lepeHecentst
Hg y HagsemHi oprann), ditocrabimizaiiio
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(dikcarnito Hg y kopenesiii 3oni) ta ¢ito-
BosjaTuiizamiio (nepersopeHns Hg na jetki
opmu). BaxxmBy poJib y TIUIX TTpoTiecax Bifli-
rpaioTh AaHTUOKCUAAHTHI (DepMEHTH, MeTaJ-
3B’sa3y10ui Oiku ((iToxesaTHHM, rIyTaTioH)
Ta crenudivyni TPAHCIIOPTHI CHCTEMMU.

Cepen pociiui, IO IeMOHCTPYIOTh I0-
TeHIlian (iToekcTpakiii pTyTi, HalvYacTiIe
3rajyioTecs Brassica juncea (L.) Czern., He-
lianthus annuus L., Pennisetum purpureum
Schumach. ta Typha latifolia 1. [10; 12; 13].
A. Monroy-Licht ta in., BKagyoTb, 110 Bojisi-
nuil rianuaT (Eichhornia crassipes (Mart.)
Solms) Takok XapaKTepusy€eThCs 3AaTHICTIO
intencusHo akymyJsoBatu Hg y xopenesiii
cucTeMi, 10 pOGUTH HOT0 MEePCIIEKTUBHIM BU-
JIOM It oumieHHst Bogoiim [14]. E. Siwik ta
iH. 3a3HAYAIOTD, IO CePejl IEPEBHUX POCJINH,
A/IAlITOBAHKX /[0 TEXHOTEHHUX YMOB, e(ek-
TUBHUMU akymyJsitopamu Hg e Salix spp. ta
Populus spp. [15].

Hocnigxenns J. Ssenku ta in. [16] B
Yranzi 3acBigunan miasuimenuii smict Hg
y GITBIITOCTI TIPECTABHUKIB Ky IBTYPHOI Ta
AUKOPOCIOl (hstopu Ha 3a6pyIHEHUX TEPUTO-
PpisIX, BOAHOYAC JIUCTKY BUSIBJISLTA BUIII PiBHI
aKyMYyJIsILil, HisK migseMui opranu. [TogioHy
3aKoHOMIpHiCTh GyJ10 BigmiueHo it y mikap-
cbkuX pocanHax Ha TepuTtopii [Toawmmi M. Or-
dak ra in. [17].

Ditopemeiattist pTyTi BUMara€ BUKOPHUC-
TaHHS BU/IIB, SKi MOXXYTh BUTPIMYBATH TOK-
CUYHUI BILJTUB MIPOTSITOM TPUBAJIOTO TIEPiOy
Ta BUAANATH 3a0pyaHioBad i3 cybeTpary mo
piBHsI Ge3IIEYHUX KOHIIEHTpAIiil. ¥ cBOIli my-
6ixarrii C. Kalinhoff Ta N. Calderon mo Hg-
CTIMKUX KYJBTYP BiiHOCATH Lactuca sativa L.
(Asteraceae), Bidens pilosa L., Taraxacum
officinale (1..) Weber ex FH.Wigg. (Astera-
ceae), Heliocarpus americanus L. (Malvaceae)
Ta in. [18].

[TepcuexkTuBHuM s GiTopememiaiii
IPYHTIB € BUKOpUCTaHHS 6060BO-PU3001iHIX
acolialliii, HoB’I3aHNX 13 MiCIIeBUMU BUIaMU
POCJIVH, BJIACTUBUX 3a0Py/IHEHUM TEPUTOPISIM
[10]. AcomiitoBani 3 6060BMMHU pU306iT BUSB-
JISIOTh CTIUKICTD /IO PTYTI, MiITPUMYIOTH PiCT
POCJIVH 1 TABUIIYIOTH IX TOJEPAHTHICTD /10
crpecy. Hocnimxenns, nposeneni F. Nonnoi
Ta iH. y MaxTapchbKkux paiioHax lcmawnii, 3a-

Opyanenux Hg, mokasamnu, mo micuesi poc-
aunu Trifolium spp. i Medicago spp. yTBo-
pioioTh crenudiuni cuMmbiosu 3 Rhizobium
leguminosarum bv. trifolii Ta Sinorhizobium
(Ensifer) medicae BigmoBigHo Ha IpyHTax
i3 Bucokum piBHem 3abpyanenus (37,6—
273,0 mr/xr Hg) [19]. bararo nocaignukis,
sokpeMa E. Snyder, D. Hofer, M. Rigoletto
im. [20—22] BingHawaiots, mo 6060Bi KyILTY-
PY € BaKJIMBUM IHCTPYMEHTOM IiIBULIIEHHS
POJIIOYOCTI TPYHTIB Ta MOJITIIEHHS iX CTPYK-
TypH, CTabiIbHOCTI BPOKAWHOCTI JIYK TTiJ] 4ac
HOCYXH, 1[0 POOUTD X BAXKJINBUMU Y PEKYJIb-
TUBAIIi1 TTOPYTIEHNX 3€MeJTh.

MATEPIAJIN TA METOAN
JOCIIIKEHD

O6’exramut ocikentst Oyin 1Ba BUIHM
KOHIOMIWHU:

Komntommna nosayua ( Tifolium repens 1..) —
GaraTopiuHa TpaB'sSTHUCTA POCJMHA 31 CJIaH-
KHUMM [TaroHaMu, 110 3/IaTHI YKOPIHIOBATUC.
Mae Bucxinni crebsa sasumniku 10-30 cwm,
Tpiftuacti ety Ta 6imi (iHOAI poskeByBaTi
ab0 KOBTYBaTi) KBITKH y IOJIOBYaCTHX CYII-
BiTTAX. Bua mommpenuit B MOMipHIA KiIi-
MaTUYHI 30H1 €Bpasii. BukopucToByeThCA
K KOPMOBA, CHJlepajbHa Ta TPYHTOIOKPHUB-
Ha KYJIBTYPa, XapaKTePU3YETLCS BHCOKOIO
aJallTUBHICTIO 10 PI3HUX I'PYHTOBUX YMOB,
30KpeMa TeXHOTeHHO ropyinennx. Y Kuesi
3BMYaiiHa pocinHa, 3pOCTAE HAa BIIKPUTUX
JUJISTHKAX, Y3/I0BXK JIOPIT, Y TTapKax i cKkBepax
(puc. 1, a).

Kownrtommna sryuna (Tifolium pratense 1..) —
GaraTopiuHa TpaB'sTHUCTA POCJMHA 3 TIPSIMO-
crossunMu abo BUCXiTHUMU cTebIaMu 3aB-
Bumkn 30-80 cwm. Jluctkm tpiituacti, cy-
I[BITTSI TOJIOBYACTI, MyPITypPOBO-pOsKeBi. B
MONTUPEHUN Yy TPUPOIHUX 1 arPOKYJIBTYPHUX
ekocucreMax €sponu Ta A3ii, HaTypaJTi3oBa-
HU Ha HIMUX KOHTWHEHTaX. 3aBASKW TJIH-
GOKiil KOpeHeBiil cucTeMi Big3HAYAETHCA 110~
CYXOCTIHKICTIO 1 3/ITaTHICTIO /IO BiTHOBJIEHHS
MiCJIsT TIOKOCY, 10 POOUTH HOTO CTIHKUM y
MiCbKHMX YMOBaX. 3aCTOCOBYETHCA K KOPMO-
Ba I Jikapchka KyJprypa. Y ¢iopi Ykpainu
ta M. KneBa 3Buuaiina pocjnna, 3poctae Ha
JIyKaX, IacoBuIax, y36i4usx, y mapkax i Ha
rasonax (puc. 1, 6).
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Puc. 1. [locmimkyBani BUujiu KOHIOITIMHI: @ —

JlocaizenHst ipoBeieHo B Meskax M. Kuis
y 30Hi eKOJIOTTYHOr0 PU3UKY: HABKOJIO KOJIUIII-
HBOTO TI/IMTPUEMCTBA XIMIUHOI TIPOMHCJIOBOCTI
BAT 3aBoa «Pagukasns, sikuii mpaiioBas /10
2000 p. ta na Tepurtopii Hamionanbtuoro 60-
TaniyHoTO cajy imeri M. M. Tpumka Hartio-
HaJIbHOI aKajieMii HayK Ykpainu (puc. 2).
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Trifolium repens L.; 6 — Trifolium pratense L.

Ha koskHill gocmimxKysaniit ginstami 36m-
pasu Hajzemui yactunu 1. repens L. ta T. pra-
tense L. 3 ycix BUSIBJEHUX 0cOOMH, BigOupa-
10YM Martepian y piBHUX 4acTKaX Biji KOKHOI
pocsmnu. TTorim 3i6pani 3pasku noapiGHIOBA-
Ji T2 06’ €IHYBaJIM B 3MillaHi IIPoGH, OKPEMO
JUIST KOSKHOI JIISTHKH T2 KOSKHOTO BUILY. 3PasKi

Puc. 2. Kapra-cxema po3ranryBaHHs JIiJI

Ipumimxu: 1 — Hauionanbauii 6oraniummii cam iMmeni M
uboro BAT 3aBox «Pagukais.

STHOK, 3 SIKWX B3$Ti 3pa3KN JIJIT aHAT3Y
. M. I'pumka HAH ¥Ykpainu; 2, 3 — tepurtopis Kosuii-
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IPYHTY BisOMpaan 3 BEPXHbOI YACTHHM Iy-
MycoBoro ropu3onty (0—10 cm) meTomom
KOHBEPTa Ta Y MICIX 3POCTAaHHS KOHIOMIN-
nu 3rigno 3 JICTY 4287:2004 «Axkicts rpyn-
Ty. Bigbupants nmpob» 3 KokHOI Touku. st
(hopMyBaHHs y3araJbHEHOI MPOOH Barow /10
0,2 Kr 3 KOKHOI [iJIIHKK OKpeMO 3i0paHuii
I'PYHT PETEJIbHO IepeMillly Bajlu.

BizniGpaHi 3pasku pocjviH Ta TPYHTY BU-
CYILLYBaJIM JI0 TOCTiiiHOI Mach (abCOJIOTHO Cy-
Xoro crany 3a Temieparypu 102+2°C) ta mpo-
citoBaJIi uepes JIabopaTopHE CUTO 3 OTBOPAMU
2 mm. Ha anamitnunux Barax Sartorius BP
210 S (Himewyunna) 3 tounictio 0,0001 r ams
aHanizy (opmysasn HaBakky Baroo 100 mr
Jst pocsivi ta 80 MT 171 TPYHTY.

Amnanis BigibpaHux 3paskiB POCAMH Ta
IPYHTY IIPOBOAMJIU 3a JOIIOMOIOIO anasisa-
topa pryri DMA-80 evo (Milestone, Itais),
SKWU I0TTOMAara€ BUMIPIOBATH B HUX BMICT
3araJbHOI PTYTi (OpPraHivyHOl Ta HEOPTaHivHOI )
METOJIOM TIPAMOro BusHayennd Hg nuigxom
TEPMIYHOIO PO3KJI/IaHHA 3pa3Ka 3 10/allb-
UM aTOMHO-abcopOiiHuM anasizom. Bei
aHaJli31 BUKOHYBAJIUCS BiITOBITHO 3 METO/IU-
KaM# ATEHTCTBA 3 OXOPOHU HaBKOJIUIIHBOTO
cepenosuiia CIITA (US EPA Method 7473 Ta
ASTM D-6722 Method).

AxkicTs BUMIpIOBaHb 3aTajibHOTO BMICTY
pryTi Oy7a 3abe3meuena 3aBIAKN cepTUhIKO-
BaHoMy etasionHomy marepiany ASTM D6722
(xam’sine ByTijwis). Mexa BUSBJIEHHST PTYTI
y mapax cranosuia 10 0,0015 ur Hg. Mesxi
BiJIHOCHOI HeBU3HAYEHOCTI Pe3yJIbTaTiB BU-
MmipioBanb (U) macoBux yactok Hg y 3pazkax
He niepeBuiyBaiu 20% (3a k=2, P=0, 95).

MoxIUBICTD HAKOMTUYEHHSI METAIy Y TKa-
HUHAX POCJIMH OLIHIOBAJIU 32 JIOIIOMOI0IO
GiokoHIeHTpaniiinoro gaxropa (BF), BusHa-
YEHOTO SK:

BF=K, /K,
ne K, — KoHnenTpaiis Metany B POCIIHHI;
K, — xonuentpauis metany B IpyHTi [22].

BF BaxknBU# TTOKA3HUK JJI5I CKPUHIHTY
POCJIVH TiMTepaKyMyJISITOPIB, SIKIIO OIIHIOBATH
MOTEHITiaJI IEBHOTO BUJLY SIK ME€PCIIEKTUBHOTO
KaHanaata s pitopemeniartii. limepakymy-
JATOpK MaloTh BF Gisbire 1, iHozi qocsaraoym
50—-100 [23]. BBaskaeTbcst, 110 BUAM POCJINH,
y axux BF Ginbire 1, MOXYTh yCIiNIHO BU-

KopucroByBarucs s itoekcrpaxitii. s
rpadivHOTO NTpe/ICTaBAeHHS Pe3yJIBTaTiB J0C-
JIJIZKEHD Ta PO3PAXYHKY CTATUCTUIHUX TTOKA3-
HuKiB Bukopucraiu Microsoft Excel 2016.

_ PE3VJIBTATH
TA IX OBTOBOPEHHS

Hinguka 1 (nuB. puc. 2) — 3HAXOAUTHCS
Ha Teputopili Hamionaabnoro 60TaHiyHOTO
cany imeni M. M. I'pumka HAH VYkpainwn.
Pociunum 060X BUIB KOHIOMIUHYU 3i6paHi Ha
jinsnii «Pigkicui pocaau piopu Ykpainus.
Tyt BOHM € KOMIIOHEHTOM CTAJIOr0 (hiTOIEHO-
3y, SKUi chopMyBaBcsl B yMOBaX TOMiIPHOTO
JIOTJISIYy Ha TEPUTOPii, 1Mo mepiognyro 1-2
Pasu CKOIIYETHCS Y CKJIa/li PI3HOTPAB’sl HA Te-
PacoOBaHOMY CXUJIi HA MAJIOTYMYCHOMY TPYHTI
CYTIIAHOTO TPaHyJIOMETPUYHOTO cKiay. Ha
MPUJIETJINX TEPUTOPISAX KOJUIIHBOTO 3aBOJLY
«Pagukai» 0yJ0 BUABJIEHO ABa MPEIACTaB-
uuku poxay Trifolium: T. repens L. ta T. pra-
tense L. qnure y aBox Jiokalisix. B o6ox so-
Kal[isIX POCJAMHN BUTJISAAAINA 300POBUMH, €3
SBHUX O3HAK MPUTHIYEHHS POCTY YU YIITKO-
JUKeHb. 3pasku pocui Oyu Bigibpani y dasi
MOYaTKy TJIOOHOIIEHHS (3 TTOOUHOKUMHA
KBITKaM¥ Ta YMCETbHUMU TJIOIaMU Ha Te-
HEpPaTUBHUX IaroHax), sika BiJIIIOBijla€ Mak-
CYMaJIbHOMY PO3BUTKY GiOMacH HaI3eMHUX
Oprasis.

Ha ginguii 2 pocjiiHu KOHIOMUHYA 3POC-
TaJM Ha HACUITHOMY MaJIOTYMYCHOMY TPYHTI
JIETKOTO CYTJIMHUCTOTO TPAHYJIOMETPUUHO-
ro CKJIamy 3 BKJIIOYEHHSM APIOHOro ImebHIo.
BoueBuap 1110 TEPUTOPiIO0 BUPIBHIOBAIN TIif
OyMiBHUIITBO BUPOOHUYUX MpUMIilIeHb 2—3
POKU TOMY, IILJIIXOM HacunaHug. Tpap’sHuit
NoKpuB 3pijkenuit, 60—-70% mepemesko-
BYETBHCS 31 CAMOCIBOM TOTIOJII YOPHOI, TTOPSIJT
i3 T. repens L. 1a T. pratense L. Gy BusaBIeHi
TaKOJK 1HIIN TTpe/icTaBHUKY poaunan Fabaceae:
Melilotus albus Medik., Medicago sativa L.
ta M. falcata L.

[lingnka 3 mpezctaBieHa MITYyYHUM 3J1a-
KOBUM Ta30HOM HU3bKOI SKOCTI miz Gepesa-
MU, 1110 BUCA/IXKEH] 1] TapKaHOM Y3/I0OBK ac-
danpsrHOI Hoporw. [1o Beiit muromi 1. repens L.
ta T. pratense L. TpanasgioThCsI PO3CiSTHO.
[PYHT TYT TaKOK HACUIIHUIL, CyHilIaHOTO Ipa-
HYJIOMETPUYHOTO CKJIA/Ly 3 HEBEJIMKUM 1—-2 cM
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IAPOM KOMIIOCTY YW YOPHO3EMY, SKUil OyB
HacUTIaHWH TIepesT TOCiBOM Ta30HHOI TPaBH.

Ha ycix pocaimxyBanux minsakax pH
IPYHTOBOTO po34uHy OyB y Mexax 6,7-7.
Amnasnis ymicTy pTyTi Ha [iJSHKAX BCTaHO-
BUB icToTHI Bigminnocti: 0,82+0,16 mr/kr Ta
5,26%1,05 Mr/KrT Ha IpyTiil Ta TPETiit MAiJIsTHII
BiZITTOBi/IHO, HAa TPETiH MiISHII BiH 3HAYHO
nepesuntye I'/IK (2,1 mr/kr). Ha minguii
1 BMicT PTYTi BUSBUBCS 3HAYHO MEHIIUM
i ckmaB 0,04+0,01 mr/xr. OKpiM TOTO, Maco-
Ba YACTKA PTYTi Ha HAfIMEHTT 3a0pyIHEHOMY
IPYHTI ALIAHKY 1 y HAZA3EMHUX OpraHax 060x
BUJIIB KOHIONMHN GyJia Mafiske OJTHAKOBOIO
i obmaBa BuAN 3a MOKasHUKOM BF Oymum Ti-
nepHakonuyyBadyamMu B iux ymoBax (1<BF).
Y Toii camuii yac Gisiblie 3a0pyAHEHHSI IPYHTY
CTIPUYMHMJIO TATTbMYBAHHS TTPOTIECiB HAKOTTH-
YeHHsI Ta 3MeHIIeH st 3HaueHb BF (puc. 3, 4).
3a Bwmicty B rpyHTi pryTi 0,82 MT/KT KOHIO-
ITUHA TI0B3yYa HAKOMWYMJIA 11 Maif’ke BABIU1
GisibIlie 3a KOHIOMIUHY JIyYHY, TIPOTE B YMO-
BaxX 3HAYHOTO 3a0PY/IHEHHS KOHIONTIHA JTyYHA
30eperJia 31aTHICTh 10 HAKOIMYEeHHs 1 Maiike
BTPUYi NEPEBUIITNIIA KOHIOIINHY MOB3Yy4Yy 3a
BMICTOM I[bOTO €JIeMEHTA.

Kownrommaa noB3y4a MoKe YCIIIIHO PO3-
BUBATHCS HA TPYHTAX, 3a0PY/AHEHUX BAKKUMU
MeTajaMH, Ta CTaTH JOMIHAHTHUM BUJIOM Y

PocnvHa
TpyHT
BF

N N WD 1O

KoHueHTpauia Hg, mr/kr

Homep ginaxkn

Puc. 3. MacoBa koHIleHTpaIlist pTyTi
(Mr/kr) y HagsemHiii yactuni Trifolium
repens L. Ha PI3HUX MIJITHKAX Ta 3HAUEHHS
GiokoHIeHTpalliiiHoro unHHuKa (BF)
Ipumimxu: 1 — Hanjonanbuuii Gotanivnmii caj iMeni
M. M. Ipumika HAH Ykpainu; 2, 3 — Tepuropist Ko-

smmaboro BAT 3asoy «Pagnkai».

tTakux ymoBax [24]. T. repens L. nemoncTpy-
BaJia 3MaTHICTh 10 HAKOMUYEHHS 6araThoX
BAKKNX MeTariB, 30kpema ptyTi (Hg), mepe-
Ba)KHO B KOPEHEBIiH cucTeMi, IO CBIYUTD TIPO
IOTEHIiaJl 11bOI0 BUAY JJI BUKOPUCTAHHS
fforo B 6ioounIeHHi 3a0py/THEHUX TPYHTIB.
Ha mpomy BUi fOCTiKyBaBCs BILIUB XeJaT-
HUX areHTiB Ha (itoekcrpakiiio Hg [25].

T. repens L. Han3zBu4aiiHo e(heKTUBHO TO-
rimHasia pryTs 3i 100% posunny Xorsanza ta
HakomMuyBasa ii. 3a BuponryBanus 1. repens L.
y posunHi Xoaryuanaa 3 fofgasanusm 10 Mxr/o
PTYTi, POCTTUHU Y CBOIN Ha/A3eMHIl YacTUHI
(crebua ta JeTkn) Hakonuunin Hg y koH-
nenrtparii 0,038+0,002 mr/a [26]. 11i xani
I[IJIKOM 3iCTaBHI 3 OTPUMAHUMU Y HAIIIUX JI0-
CJIIJIKEHHSIX: HA TPYHTI i3 KOHIIEHTPAIli€To
0,04 Mr/KT YMiCT PTYTi y HaJi3eMHIll YacTHHI
csras 0,05£0,001 mr/Kr.

O11iHIOBaHHST MacOBOI KOHIIEHTpAIlii pTy-
Ti y POCIAMHAX KOHIOMWHMY, V 3B’SI3KY i3 ii
KOHIIEHTpAIl€o y rpyHTax (puc. 5), BUSBU-
JIO Pi3HI TEeHIEHIli] MOo/0 1i HaKOTMWYeHHS i
MaKCHUMAaJbHUX PIBHIB Y POCANHAX IIUX JIBOX
BU/IiB, 1[0 MOXEe CBIZIYUTU PO JelI0 Pi3Hi
MeXaHI3MU 3aXUCTy POCJWH Bijl HAJIMIPHUX
KoHIleHTparin Hg.

Amnastis 3aJIe3KHOCTI KOHIleHTpallii pryTi
y pocimHax T. repens L. Bij ii KoHIleHTparlil

6 B PocnnHa
25- m pyHT
54_ - BF
2
oS 3 A
3
8 2 A
o
I
g 2-

I
2 11
0

Homep ginankm

Puc. 4. MacoBa koHIleHTpaIlisg pTyTi
(Mr/kr) y HagzemHiii yactuni Trifolium
pratense L. Ha pi3HUX AIJITHKAX Ta 3HAYEHHS
GiokoHIleHTpalliiHoro yrHHWKA (BF)
IIpumimxu: 1 — Harionasisiuii Gotanivunmii cazt imeni
M. M. I'pumixka HAH Ykpaiuu; 2, 3 — tepuropist Ko-

smmraboro BAT 3ason «Papukains.
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0,50 ~
0,45
0,40 ~
0,35
0,30 -
0,25 -
0,20 -
0,15 -
0,10 -
0,05

m T.repenslL.
I T pratenseL.

KoHueHTpauia Hg
B POC/NHAX, MI/KF

0,04 0,82 5,26
KoHueHTpauia Hg y rpyHTi, Mr/kr

Puc. 5. MacoBa KOHIIeHTpaIlist pTyTi y
POCJIMHAX KOHIONTUHU 3aJI€KHO BifT ii
KOHIIeHTpaIlil y IpyHTaxX (MI/KT)

y IPYHTaX JIeMOHCTPYE HeJiHINHY 3aex-
HiCcTh: HA HU3bKUX piBHAX Hg (itMoBipHO 110
~2,5 MT/KT) pOC/IHA aKTUBHO HAKOTHYYE
PTYTb, a TicJIs MKOBOTO BMIcTy (~2,5 MT/KT)
CTIOCTEPITAEThCS 3HMKEHHST KOHTIeHTpallii Hg
y pocausi. Pocaunan T. repens L. mokazammn
crenuivuHy y peaxiiiio Ha 3MiHy PiBHS 3a-
OpYAHEHHSI, 110 POOUTS 1el BUI OTEHIIITHO
OLJIBII CTIAKIM.

Trifolium pratense L. Takox HposiBisie
3/IATHICTH /10 AaKyMYJISIT IHIMTUX BAXKKUX Me-
taJjis, 3okpema kaamiio (Cd), ceuniio (Pb)
Ta MUHKY (Zn), lIepeBa’kHO B HAJ3EMHUX OP-
rafax, 110 /Ia€ MOKJUBICTb PO3TJISIIATH 10
POCJIWHY SK MOTEHIIHHUH (HiTOEKCTPAKTOP
[27]. T. pratense L. moxe 6ytu edeKTUBHUM
KOMTIOHEHTOM MYJIBTU(]YHKITIOHATbHUX Di-
TOpeMeialliianX cucTeM. /[ari HakOTTMIeHH
Hg umM Buzom, 1110 ¢BiguaTh 1mpo crabijibhe,
MPOTNOPIIiliHE HAKOTTMYEHHS PTYTi 3 MiJBU-
MeHHaM i1 KoHmeHTpaiii B rpyHTi. OTXe,
T. pratense L. moxe GyTu xopoum 6ioreo-
XIMIYHUM 1HATKATOPHUM BU/IOM JIJIST MOHITO-
PUHTY 3a0pyIHEHHS [PYHTY PTYTTIO Ta HOTO
peMeiaitii.

Harmi nocaipkeHnst cBigarh mpo ycrinmae
3POCTaHHST Ta PO3BUTOK 060X BUJIIB KOHIOIIH-
HU B yMOBax 3a0pyIHEHHS IPYHTY PTYTTIO Ha
piBHi 5,26%1,05 Mr/Kr. 3a TakuX YMOB 0OUABA
BUJIN 3]IaTHI JI0 POCTY Ta GATaTOPiYHOTO PO3-
BUTKY, YTBOPEHHH KBITiB, IJIO/IB, HACIHHS Ta
CaMOCTIITHOTO TIOITUpPEeHHs. AHaJi3 oTpuMa-

HUX JAHUX BUABUB y 000X BUIIB TE€HIEHIIIO
JI0 3MEHIIIeHHS 3/[aTHOCTI /0 HAKOTTMYeHHST
PTYTi y HaJI3eMHIUX OpraHax POCJIUH 3a 301J1b-
IIeHH 11 KOHIIEHTpaIlii y TPYHTI 32 MOKa3HU-
koM BF. Ile MoXe CBiIUMTH TIPO PO3BUHEHI
MeXaHi3MH, Ki 3a0e3MeUyTh CTIHKICTh POC-
JIMH Ha 3a0pyAHEHNX TEPUTOPIAX. Y HALIMX
JIOCJTI/PKEHHSIX MAaKCUMAJTbHUI BMICT PTYTIi y
T. repens L. cranosus 0,25+ 0,01 mr/kr Ha xi-
JISIHIT i3 cepe/iHiM piBHEM 3a6pyAHEHHS IPYH-
Ty, ay T. pratense L. — 0,45%0,01 mr/xr —
i3 MakcuMasbHUM BMicToM Hg, 1o 3arasom
HIDKYe 3a MakcuMasibHi 3Hauenus /1K s
XapyoBUX MPOAYKTIB i KOPMIB JIJIsI TBAPUH
[28; 29].

Jluist BcTanoBJIEHHST TOPOTOBUX KOHIIEH-
Tpariit (piTOTOKCMYHOCTI PTYTI /1JIs1 KOKHOTO
3 BUIB KOHIOIMWHU 32 1HIMUX KOHI[EHTpAa-
Uil y rpyHTax notpibHi 10ogaTkoBi mociia-
JKEHHS.

BUCHOBKU

3aB/IKY TIOETHAHHIO eKOJIOTIYHOI TJrac-
TUYHOCTI, MBUAKOTO (hopMyBaHHS Giomacu
Ta 3MATHOCTI 10 cuMOioTHYHOI azoTdikcarii,
KOHIOIINHA € TIEPCIEKTUBHIUM 06 €KTOM JIJIsT
Jocizkens y cdepi ditopemenialiii BaykKUX
MeTasiB, 30kpeMa pryTi. O6uaBa 10CIiIKeH]
Buan koutommHY 1. repens L. ta T. pratense L.
HAKOTMYYIOTh PTYTh Y CBOiX HAJI3EMHHX OpTa-
HaX, 1110 HeoOXiZiHO BPaxOBYBaTH 3a BUPOIILY-
BaHHS IUX POCJHMH SIK KOPMOBUX, XapuOBUX
KyJIBTYp a00 Ji7ist 300py JHKapChKOI CHPOBUHU,
11106 YHUKHYTH HAKOIMUYEHHS TOKCUKaHTa B
XapuyOBOMY JIAHITIOTY.

Kontommna qyyHa BUSBUIA 3/aTHICTD /10
HaKONUYeHHs OiIbIIol KiJIbKOCTI PTYTi Ha 3a-
OpyAHEHUX IPyHTaX. 3Baskarour Ha ii OlIbImy
Ha/3eMHy Macy, Bukopucranus I. pratense L.
s (iroexerpaxuii Hg mosxke OyTu ycrmim-
HuM. JlocaiskeHHs AUHAMIKY HAaKOIIMYEeHHS],
BCTAHOBJICHHS IMTOPOTOBUX PiBHIB (hiTOTOK-
CUYHOCTI PTYTI JIId PI3HUX BUJIB KOHIOIIN-
HU, MexaHi3MiB GioakymyJiaiii Hg ta Moskiu-
BOCTEN yTusizaiii 3a0py/IHEHUX POCTUHHUX
PELITOK JACTh MOKJIUBICTD IifiOpaTu OITu-
MaJIbHI PillleHHS I PO3POOKU TEXHOJIOTI
OUMIIEHHSI Ta TIOKPAIaHHS SIKOCTI 3a06py/I-
HEHUX IPYHTIB.
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BIIJIUB CUJAEPAJIBHUX KYJIbTYP
HA YU CEJBHICTb IPYHTOBUX MIKPOOPTAHI3MIB
B ATPOLIEHO3AX INIIEHUIII O3UMOT

FO.A. Kpasuyk, I.B. Be3nocko

ITncmumym aepoexonoeii | npupodoxopucmysanns HAAH (m. Kuis, Ykpaina)
e-mail: doslidna_skvira@meta.ua; ORCID: 0009-0003-6878-7700
e-mail: beznoskoirina@gmail.com; ORCID: 0000-0002-2217-5165

Bukopucmanns cudepanrvHux Kyabmyp y acpoueHo3ax nuleHuyi o3umoi cnpuse akmusizayii
MIKPOGionoeiuHuX npoyecie y rpyHmi, niosuueHHIo 1020 06iono2iuHoi akmugHocmi, noainueH-
HIO CIPYKMYPHO-A2POHOMIMHUX é1acmugocmeil i (hopmMyeanHio eKoa02iuHO cmillkoi aepo-
exocucmemu. Tomy memoro pobomu 6yn0 00CAiOHCeHHST CMPYKMYPU Ma CKAAdY KOMHAEKCY
TDYHMOBUX MIKPOOP2aHi3Mi6 i CUOePANbHUMU KYAbMYPAMU, W0 € HeOOXIOHUM 05 PO3YMIHHS
8NAUBY YUHHUKIB HABKOANUUIHBO20 Cepedosuld, 61acmMUgocmeli rpyHmy, azpomexHiuHux 3axo-
die i cucmem yoobpeHHs Ha nepebie bionoeiunux npoyecie y Hoomy. s cudepauii euxopucmo-
eysanu euky apy (Vicia sativa L.), pedoky oaiiiny (Raphanus sativum d. var. oleifera Metrg.),
eipuuuro wcoemy (Brassica juncea L.) ma pozmoponuty nasmucmy (Silybum marianum L.).
Takuii éubip cudeparvHux Kyabmyp 00TDYHMOBAHO HAACHCHICMIO iX 00 pi3HUX 0i0A02[YHUX
2pyn i3 8i0nN0GIOHO PIZHUM 6NAUBOM HA NONCUBHUI PelCUM Ma 80402iCMb TPYHMY, a omoice,
i poxcaiinicms yux Kyaomyp. Y cmammi HagedeHo pe3ynvmamu 00CAIONCeHHsl BNAUBY PIBHUX
CUOePANbHUX KYAbMYp HA MIKP00Oi0A02IMHY aKMUBHICMb TPYHMY HA PI3HUX emanax oHmo-
2eHe3y pocaut. Bcmanosnero, wjo 3acmocysants 60608ux cudepamis (20poxy Ha 3epHO, 20POXY
cudepamy ma 6uKu Apoi) CNPUHUHSE NOCUNCHHS MIHEPANi3ayiliHuX npoyecie, akmusizayir
TpyHmMoeoi Mikpobiomu ma niosuweHHs 6iosoeiunoi cmilikocmi azpoekocucmemu. Y eapian-
max i3 eipuuuyero Hcoemoro, pedbkoio 0AilHOI0 Ma Po3MOPONULIer0 NAAMUCIOI0 CHOCMePieanocs
NOKPAUWAHHS JCUBACHHS DOCAUH, OOHAK IHMEHCUBHICMb MIKPOOION0IMHUX Npouecie 0YAa HUIC-
4010, HidIc 3a uKkopucmants 60606ux kyabmyp. Haiimenuty 6ionoeiuny akmuenicmo rpyHmy
3aghixcosano Ha konmpoai (napy). biomaca cudepamie € npupoonum dixicepenrom gyeneuio,
azomy ma iHWUX NOJCUBHUX eNeMeHmig, AKI NicAs po3KAa0aHHsa cmarms 00OCMYNHUMU 015
OCHOBHUX KYAbIMYpP, CHPUSIOUU NOAINWeHHIO iX dcuerenHs. Kpim moeo, 3a60saxu piznoma-
HimHOCcmi GionoeiuHux epyn cudepanrvHux Kyasmyp (60008i, xpecmoygimi, aiicmposi moujo)
dopmyembca pi3HOCNPAMOBAHULL 6NAUS HA TPYHMOGY MIKpOOiomy, CmpyKmypy rpyHmy ma
11020 801020ympumy6anvry 30amuicmos. Ompumani pe3yromamu 00nomMazaroms 2AUOUIOMY
DO3YMIHHIO Gi0N02IMHUX npouecie y rpynmi, onmumizayii cucmem y0oopeHHs, Ni08UUEHHIO
PpoorHoCcmi ma eKoa02iuHoi cmilikocmi agpoekocucmem, a maxKodic 3a6e3neueHro cmadinbHO20
BUPOBHUUMBA BUCOKOSKICHOI POCAUHHULBKOI NPOOYK Y.

Karouoei caosa: acpoexocucmema, Mikpomiyemu, exonoeiuna pieHoeaza, poorw4icms rpyHmy,
MIKPOOion02iuHa aKMUBHICIMYb, MPAHCHOPMAUis OpeaHiuHOT peHoBUHU, NOKA3HUKU Nedompogh-
Hocmi, oaicompoprocmi, minepanizayii — imMmoOinizauyii.

DOI: https://doi.org/10.33730/2077-4893.4.2025.345459

BCTVYII

Cyuacue 3emnepo6cTBO genani Oibime
OPIEHTYEThCSI HA €KOJIOTIYHO GEe3IIeUHi TEXHO-
JIOTii BUPOIIYBAHHS ClIBCHKOTOCTIONAPCHKIX
KYJIBTYP, 110 3a0e311e4yioTh CTabiabHy IIpo-
JTYKTUBHICTH arpoeKkocucTeM 6e3 HaMipHO-
T0 BUKOPUCTAHHS XiMIYHUX 3ac001B 3aXUCTY
pocyirH. OIHUM 13 BayKJIMBUX HANPSIMIB Ta-
KOI'O III/IXO/ly € 3aCTOCYBaHH4 CH/ICPaJbHUX
KYJBTYP, SIKi BUKOHYIOTb POJIb TIPUPOTHOTO
n06pUBa, TOKPAILYIOTh CTPYKTYPY TPYHTY,

© 10.A. Kpasuyk, 1.B. besnocro, 2025

30arauyoTh HOr0 OPTAHIYHON PEUOBIHOK) Ta
AKTUBI3YIOTh OI0JIOTIYHY aKTUBHICTH MiKpPO-
OpTaHi3MiB.

[ pyHTOBI MiKpOOpraHismu GepyTh y4acTh y
1poilecax rpyHTOyTBOPeHHS, Tpanchopmaitii
opratiuHol pedoBuHu, MoOiTi3allii eJ1eMeHTiB
JKUBJICHHS Ta (hopMyBaHHS (hiTOCAHITAPHOTO
CTaHy arpoleHos3iB. 3a JaHUMU YUCJIEHHUX
nocaimxkenb (Gao; Liu; Ilanpko Ta iH.), BU-
KOPUCTAaHHS CHIEPATBHUX KYJIBTYD CIPUSIE
3POCTAHHIO YMCEJIBHOCTI OaKTepiil, aKTHHO-
MIIIETIB 1 MIKPOCKOIIYHUX TPUOIB, MiABUIILYE
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BIUIMB CUJIEPAJILHUX RYJIBTYP HA YUCEJILHICTD I'PYHTOBUX MIKPOOPIAHI3MIB...

(dhepMenTaTUBHY aKTUBHICTb IPYHTY Ta cTabi-
Jlizye MikpoO6ioJIOriyHy piBHOBATY.

Oco0biiBe 3HaYeHHS Taki MPOIecH Ma-
I0Th B arpolleH03ax IIIIeHuIll 031MOi, 1€ 30e-
PEKEHHSI POAIOYOCTI IPYHTY I GiosoriuHol
PIBHOBArm € 3a0pyKOI0 BUCOKOI YPOKalHO-
cti Ta sikocti 3epHa [1]. Bognouac, nuranus
BIIMBY CH/ICPAIbHUX KYJBTYP B arpoleH03aX
IIIEHUIl 03UMOI Ha YUCEJbHICTh IPYHTOBUX
MiKPOOPTaHi3MiB 3aJIMIIAETHCA HEOCTATHHO
JIOCJTI/IDKEHNM B YKpaiHi, 1110 3yMOBJIIOE aK-
TyaJIbHICTD JaHOI TeMaTUKU.

Boanouac gocuth 3aroctpusacs npobie-
Ma 36epeKeHHsI Ta MiIBUIIEHHS POAI0YOCTI
rpyHTiB. IcHyf09a crcTemMa 3eMIepoOCTBa He
3abesneuye 36epesKeHHs POAIOYOCTI TPYHTY:
MikpoOHa GioMaca HUKYe y 4 pasH, JUXaHHS
yZBiui, BMICT T'yMyCy — B/Biul IOPiBHAHO i3
He3aJ[iIHUMU Y CLIbCHKOTOCIOIapChKe BU-
POOHUIITBO 3eMETBHUMU YTI/IAMI. 32 BUPO-
I[yBaHHs GaraTOPIYHUX KYJIBTYP Y arpoIeHo03i
opMmyIoTbest Oi/IHI 110 BUZOBOMY Pi3HOMAHIT-
TIO KOMILJIEKCH MiKPOOPTaHi3MiB MEHIIT CTiHKI
MPOTU HECTIPUATIMBUX YNHHUKIB CEPE/IOBH-
ma [2; 3].

Tomy MeTo10 Hamoi po6oTH OYJI0 1OCTI/-
JKEHHS CTPYKTYPH Ta CKJIAJy KOMIIJIEKCY
IPYHTOBUX MIKPOOPTraHi3MiB TiJ cuepaib-
HUMW KYJIBTYPaMHU, MO € HEOOXIMHUM [IIsI
PO3yMiHHSI BIUINBY YNHHUKIB HABKOJIHUIITHBO-
TO cepe/loBUINA, BJACTUBOCTEH TPYHTY, arpo-
TeXHIYHUX 3aXO[iB 1 cucTeM ymoOpeHHsT Ha
riepebir 610OTIYHIX TIPOTIECIB ¥ TPYHTI.

AHAJII3 OCTAHHIX TOCII/IXKEHb
I IYBJIIKALIIN

B ocranni pecatuniTrsa y po3BUHEHUX
KpaiHax 3HaYHO 3POCTaE iHTepec 10 BUPOOHN-
I[TBA OPTaHIYHOI C1ThCHKOTOCTIOIAPCHKOI TIPO-
nykitii [4]. [nTeHCMBHO BUKOPUCTOBYIOTHCS
6i0JIOTIYHI YMHHUKHN Y cUCTeMi 3eMJiepo0CTBa:
YepryBaHHs KyJIBTYp Ha TMPUHIIUTIAX TIIIO0-
3MiHU, BHECEHHSI HETOBAPHOI YaCTUHU yPO-
5Kalo Ha J0OPUBO, PO3MINIEHHS 110 Haiiedek-
TUBHIIUX TTOMEPEAHNKAX Ta iH. AKTyaThHIM
3aB/IaHHA CbOTOJIEHHS € aKTUBi3allid arpoHo-
MiUYHO KOPUCHUX ITPOIIECiB, 1O MOB’s3aHi i3
y4acTio POCJUH B yTBOPEHHI IPyHTY [3].

Biomoriuna cucrema 3emMaepoOCTBa Iepes-
Gauae, 3 0JIHOr0 GOKY, IIOBHY BiZICyTHICTH a60

Ppi3Ke CKOPOYEHHS 3aCTOCYBAHHS MiHEPATHHUX
NMOOPUB, TIECTUTINIIIB, PETYJIATOPIB POCTY, a 3
iHIIOrO0 OOKY, BIIPOBAJKEHHST CiBO3MIH, MaK-
cUMaJibHe BUKOPUCTAHHS OPTaHIYHUX 7100~
PUB, pallioHaIbHUIT 0GPOOITOK IPYHTY, 3aCTO-
CYBaHHS TPYHTOBUX CTPYKTYPOYTBOPIOBAUiB,
Giomoriuni MeToau 60poTEOU i3 XBOpobaMu,
mKigHUKaMu Ta Oyp’sitHamu. TIpoMizKHi KyJib-
TYPH CIPUSIOTH KPAOMy BUKOPUCTAHHIO CO-
HAYHOI eHeprii, OYUIIeHHIO IPYHTY Bijl HiTpa-
TiB, 36araueHHIo itoro rymycom. OKpiM TOTO,
XPECTOIBITI MAOTh BeJNKY (hiTOCaHITApHY
nito. Bennke 3nayenns 6araTopiyHMX TpaB
Ta IHIIMX KOPMOBUX KYJIBTYD Y OZlepsKaHHI
€KOJIOTIYHO YUCTOI MPOYKITiI.

3esene 106pUBO — HalleNIEBIINIA Ta Haii-
e(eKTUBHIINI C110Ci6 KOMILIEKCHOTO Biji-
POKEHHsT eKocucTeMu. 3ejieHi 1o0puBa Bij-
HOCSTBCS 710 TAKUX, IO JEerKO MiHepasi3y-
IOThCSI, TOMY 1X 3HaYeHHs B IiABUIIEHH] 6io-
FeHHOCTI IPYHTIB € HaA3BUYAlHO Ba)KJIUBUM
[6-8].

Ha BismiHy Bijf TpUPOAHUX POCTUHHUX
YIPYIlyBaHb, /i¢ B3a€MOBIIHOCUHU MIK IPyH-
TOBUM Ta POCTMHHUM IIOKPUBOM MaIOTb Tap-
MOHIUYHUH XapakTep, Iis arpodiToineHo3iB
Ha TPYHTOBE CepeloBUIlle HeoiHOo3HAUHA. /[0
MMO3UTUBHUX HACJIJIKIB BIUINBY KYJIBTYPHUX
POCTIMH HEOOXIHO BiIHECTH: MOCTAYaHHS /10
IPYHTY CBI3KOI OPTaHiYHOI PEYOBUHU Y BUTJIS-
i 6ioMacu pi3HUX POCIIUH; CUMOIOTHYHY (iK-
carfio atMochepHOTO a30Ty OYILOOUKOBUMH
6GaKTepisiMU, 10 TOCENSIOTHCS Ha KOPEHSIX
6060BUX POCINH; 30aradyeH s IOKIBHIIME
peYyoOBMHAMU BEPXHLOTO IIapy IPYHTY 3a pa-
XYHOK TH/ITPYHTST; 3POCTAHHS CTYTIEHS 3aCBO-
IOBAHOCTI JICAKUX eJIeMeHTIB MiHEepPaJbHOTO
SKUBJICHHSI POCJIMH I1i]] BIVIMBOM KOPEHEBUX
BU/IIJIEHD, TIPOIYKTIB MiHepasi3allii pocInH-
HUX 3aJguMIKiB Ta in. [9; 10].

[locmifkeHHAMU 1HO3EMHUX YYEeHUX
Zhang, Kusch-Brandt, Salter, Heaven [11],
a TaKOX YKPalHCbKUX HAYKOBIIiB Bosikoron
[12], Bypukinoi, ¥YxkeBcbkoi ta Kymimkano-
Ba BUBYEHO BIIMB CUIEPAIBHUX KYJIBTYP Ha
MiKpO6IOJIOriuHI IIpollecH B arpolleH03ax,
JIMHAMIKY 4MCEeJIbHOCTI OCHOBHUX (i3ioJio-
TIYHUX TPYI TPYHTOBUX MiIKPOOPTaHi3MiB, a
TaKO0sK 0cOOIMBOCTI TpaHchopMallii oprativ-
HOI PEYOBMHM Iijl AI€I0 pi3HUX GIOJIOTIYHMX
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IpyIl pociuH. BusiBieHo, 1110 BUKOPUCTAHHSA
B KOPOTKOPOTAIIifHi# CiBO3MIiHi SIK cCHIepab-
Hi KyJIBTYPU BUKO-BIBCSIHOI CYMIIIKH, Tip-
yuiii 6i101 i Topoxy € e(heKTUBHUM 3aX0I0M
HOKPAIllaHHS [TOXKUBHOTO PEXKUMY IPYHTY,
301/bIIEHHST BPOKAITHOCTI KYJIBTYP Ta ii 1po-
IYKTUBHOCTI. BTiM 3ayuiiieHHs POCTUHHUX
3aJIATIKIB TTPU3BOAUTD J0 KOHIIEHTPAIlil MiK-
poGHOI Giomacu y mapi Bix 5 10 15 oM, i 11e
y Takuil cHocib CIpHsi€ PO3IOBCIOIKEHHIO
He JIMIIe KOPUCHUX IPYHTOTBOPHUX MiKpO-
MITIEeTiB, ajie i MaTOTeHHUX MiKPOOPTaHi3MiB
[11;12].

[l SKUTTS pOCJIMH BasKJMBe 3HAYEHHS
Mag€ He TiJTbKU MIKpOOIoTa ITPYHTY 3aTajioM, ajie
0c06JIMBO MiKPOOPTaHi3My 30HH KOPEHEBOI
cucteMu pociuH. KopeHi 3MiHIOIOTb CTPYK-
TYpy IPYHTY, BUAIIAIOTL 3HAYHY KIJIBKICTD
BYIJIEKHUCJIOTH, KA JOCUTD Pi3KO BILJIMBAE HA
PO3UYMHHICTD J€SIKUX MiHEpPAJbHUX CIIOJYK,
eHepreTUYHi pevoBUHM (I[yKPH, OpPTaHiyHi
KUCJIOTH, aMiHOKUCJIOTH, CITUPTHU Ta iH.), Bi-
TaMiHU, CTUMYJIITOPU POCTY, 110 06YMOBJTIO-
0Th PO3MHOKEHHsT TyT Garatoi campodit-
Hoi Mikpodopu. Opraniuna peyoBUHA, SKa
CUHTE3YETbCA aBTOTPOMHUMM OpraHizMamu,
BKJIIOUAETHCS B G10JIOTIUHMIT KOT000IT, e
CIOKUBAEThCA KoHCyMeHnTamu [13; 14].

3araJbHOBIIOMUM € TOH (aKT, MO Y-
CEJIbHICTh MIKPOOPTaHi3MiB y I'PYHTI TOCTIHO
3MiHI0€eThCs. KpiM TOro, y BCSIKOMY TPYHTO-
BOMY TOKPWBI € TIEBHUI MTPUPOJIHNIN PiBEHb
YKCEIbHOCTI MIKPOOIOTH, 110 MOKHA PO3IJIs-
JaTu SK 3allaci MIKPOOPTaHi3MiB IDPYHTY,
SAKWH He 3a6e3MeUyETHCS EHEPTeTHYHOI0 pe-
YOBHMHOIO, HEOOXIHOIO /i Oe31epepBHOro
PO3MHOKEHHS, ajie 3HAXOJUThCS y CTaHi Miji-
tpuManus [15]. B pusocdepi pocun 3a mii
MiKpPOOpPTraHi3MiB BiIOYBAETHCS SIK JIECTPYK-
11is1, TaK 1 CUHTE3 OPraHiyHOl peYOBUHMU.

Hocnimxennamu BueHux Francesca Cot-
rufo tra Smith i3 koseramu Bizomo, 110 3a
CHPUATIMBUX YMOB PO3KJIAJAHHS POCIUHHOI
MacH BizOyBa€ThCs BKe y MepIIi AHI Iics
3a0pIOBaHHA 11 y IPYHT 1 CYIIPOBOJYKYETHCS
oypxausuM BugienusMm CO,. Yepes 4—11
16 aKTUBHO BUINLETHCI aMiaK BHACJIiOK
TiSLTBHOCTI aMOHI(iKyBaIbHUX GaKTEpiii, 1110
3MiHIOIOThCA Ha HiTpodikaropu. Takox 3a
nocaimxenusimu O. [lemunenka [16] Bera-

HOBJIEHO, 1[0 YUCEJIbHICTh MiKPOOPraHi3MiB
(aBTOTpPOHUX, OMITOHITPODITLHUX Ta €H/I0-
TpodHUX) 3pocrae y nepiii 90 ni6 3a BHe-
CEHHs Ha 3POIIYBAHUX 3eMJISIX CHIEPATIbHUX
KyJI6TYp. PozfouicTh IpyHTIB hOpMYETHCS 3a
Jlii CKJTaJIHOTO KOMIIJIEKCY TTPUPOJIHUX 1 aH-
TPOIOTeHHUX YNHHUKIB, CEPEJl SIKUX FOJIOBHA
POJIb HAJIEKUTH JISITBHOCTI TPYHTOBUX MiKPO-
opraniamis [17; 18]. 3a aHaTi30M HAYKOBUX
npairp Buenux C.I1. Tanuuk i C.B. Pesnik i3
cmiBast. [19; 20] Bu3HaueHo, MO KiJbKICHUN
Ta SIKICHUN CKJIaJl TPYHTOBOI MiKpOOioTH, SIK
YYyTJUBUN 1HIUKATOP CTaHy arpoeKocucTe-
MU, BiZioOpaska€e CTYIiHb aHTPOIIOI€HHOTO
HaBaHTAKEHHS, TOMY BUKOPUCTOBYETHCS SK
MIarHOCTUYHMUN ITOKA3HUK 3a OI[IHIOBAHHSI
€KOJIOTIYHOTO CTAaHy TPYHTY, 1O /A€ MOKJIIH-
BiCTb BUSBUTH TICBHI 3MiHU €KOCUCTEMU IITe
Ha paHHIX CTaigX.

OTrke, BUBHAUEHHSI BIUIUBY CUJIEPATBHUX
KYJILTYP Ha YMCEJIbHICTb I'PYHTOBUX MiKPO-
Oprafi3miB B arpoiieHo3ax IMIIeHUIll 03UMO1
CIIPUATHME IJIUOIIOMY PO3YyMiHHIO 6iosIoTiy-
HUX IIPOLECIB y IPYHTI, onTuMisanii cucrem
y100peHH s, MiBUIIEHHIO POAIOYOCTI Ta €KO-
JIOTIYHOI CTIKOCTI arpoeKOCUCTEM, a TaKOXK
3a6€e3MeUeHHI0 CTaOLIBHOTO BUPOOHUIITBA BU-
COKOSIKICHOI POCJTMHHUITBKOI MTPOYKIIiI.

MATEPIAJIN TA METOJN
JOCIIIKEHD

[locniskeHHST TIPOBOAMIN BIPOTOBIK
2023-2025 pp. Ha 6a3i THMUYACOBUX IOJIHO-
BUX JIOCJIiJIiB, sIKi po3TainoBaHi y CKBUPCHKIiii
JOCJIHIN cTanIil opraHiyHOro BUpOOHUITBA
HAAH. [Ing cunepaitii BHKOPUCTOBYBAJIN
Buky spy (Vicia sativa L.), peabKy ogiitny
(Raphanus sativum d. var. oleifera Metrg.),
ripunito koBTy (Brassica juncea L.) Ta pos-
toporiny mwissMucty (Silybum marianum L.).
Takuii BUOIp cuaepasbHUX KYJIBTYD 00TpYH-
TOBAHO HAJIEXKHICTIO 1X /10 Pi3HUX Giosoriv-
HUX TPYM i3 BiATIOBIITHO Pi3HUM BILIMBOM Ha
MOKMBHUI PEXUM Ta BOJIOTICTh TPYHTY, a
OTXe, 1 BposkaitHicTh 1uX KyasTyp. Cueparn
TaKOX JTAI0Th MOYKJIUBICTD PO3IMIUPUTU CiBO-
3MiHy, 36i1bInTH 1i 6i0pisHOMAHITTS Ta Po3i-
pBaT 3a HEOOXIHOCTI 3€PHOBY JIAHKY.

3pasku rpyury (12—14 ingusigyanbHux
pob) BigdUpasu TPOCTUHHUM OYPOM i3 rJiu-
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6unn 0—20 cM i3 TTOAJIBIIIOIO TITOTOBKOIO /10
anauisis 3riguo 3 JICTY 7847:2015 [21].

JlaGopaTopHi JOCTiIzKeHHS BUKOHYBAJIU B
nabopaTopii GI0KOHTPOJIIO ArPOEKOCUCTEM Ta
opraniunoro supobuuirea HAAH. Yucesn-
HICTh MiKPOOPTaHI3MiB 3/1i1ICHIOBATIN METO-
JIOM BUCIBaHHS IPYHTOBOI CyCIIeH3i1 Ha CTaH-
JIApTHI TTOXKUBHI cepeioButna [22—24].

Jliist BUSHAUEHHS y TIPOGI TPYHTY YHCEJTh-
HOCTI MIKPOMIIIETiB 3aCTOCOBYBAJIM METO/I
rimbuHHOro nociy, ge 1 cm® cycnensii, mes-
HOTO PO3BE/IEHHS CTEPUJILHOTO THITETKOTO T1e-
penocaTh y vamky lletpi, 3anuBaioTh pos-
IJIABJIEHUM Ta OX0JIo/KeHuM 110 45—-50°C
MOKMUBHUM CEPEIOBUIIEM 1 00EPEKHO KPYTO-
BUMM PyXaMU 3MIIIIYIOTh TIOCIBHUM MaTepias
i3 CyCIIeH3i€l0 KIIITHH. Yaliky 3aaumaoTh Ha
TOPU30HTAJIBHIHN MTOBEPXHi, ITOKHU CEPEIOBUTIE
He 3aCTHUTHE, IiCJIs YOTO CTABJSATh Y TEPMO-
CTaT TIePeBEPHYTUMU JIOTOPU JAHOM. Harmku
inkyOyioTh 3a Temueparypu 28°C ympo-
10BX 3—7 1i0 3a/1e5KHO Bifl IIBUAKOCTI POCTY
MiKpOOPTraHi3MiB.

KinbkicTs KoJIOHIH, sIKi BUpOCH, Tipa-
XOBYIOTH 32 JIOIIOMOTOI0 aBTOMATUYHOIO JIi-
yuabHuKa SCAN4000 (Interscience, France).
3a 6i/IbII0l KiJTBKOCTI KOJIOHII 1 IXHBOTO PiB-
HOMIpHOTO po3TallyBaHHs AHO daniku lle-
TPl YMOBHO JAiJaATh Ha 4 abo Gijbie oxHa-
KOBUX CEKTOPIB, PaXyIOTh KiJIbKICTb KOJIOHIH
Y JIBOX—TPbOX CeKTOpax (ajie He MeHIIIe, Hixk
Ha 1/3 ToBepXHi Yalikn), 3HAXO/SATh cepe/l-
HE apudMeTHUHEe YUCJIO KOJIOHIN 1 MHOKATH
Ha 3arajbHy KiJbKiCTb CEKTOPIB Ha OJHIN
YaIIIi.

HucenpHICTh MIKPOOPraHi3MiB B po3pa-
xyHKy Ha 1 r cyxoro rpyuty (X) 8 KYO 06-
yucaoBaan 3a GopmyJiomn [24]:

X=(axbx 107 /V, (1)
nie X — KiJIbKicThb KJIITUH B 1 T CyXOro rpyHTY;
a — cepefHs KiJbKiCTh TMipaxoBaHUX KOJIO-
Hill, o/1.; b — KoedilieHT BOJOrocTi, po3pa-
xoBauuii sriguo 3 JJCTY ISO 11465-2001;
10" — koedinient possepenns; V — o6’em
CyCIeHsil, o B3I IS TIOCiBY, CM3.

YuceapHICTD 1ETI0N030JITUYHUX MIKPO-
OPraHi3MiB BU3HAYAJN TIJISTXOM PO3PaXyHKY
Haii6LIbI BiporigHoi kinbkocti (HBK) k-
THUH B OJUHUIN 06’eMy BUXiZHOTO cybcTpary
3a tabsmieio Mak-Kpei.

YuceapHIiCTh 1ETI0N030JITHIHUX MIKPO-
opraHiaMiB o6uncIoBaIN 3a HOPMYJIOLH0:

X =HBK x b, 2)
ne X — xijibKicTb Kaitun y 1 r cyxoro rpyH-
Ty; HBK — Haii6inbin BiporigHa KiJgbKicTh
KJITUH MiKpoopraHiamis y 1 T cyberpaty, o1
b — KoedilieHT BOJOrocTi, po3paxoBaHuil.

CrpsaMoBaHicTh MIKPOOIOJIOTTYHUX TIPO-
11eciB y TPYHTI BU3HAYaJIM 32 Bi/ITOBITHUMHA
Koedimientamu [25; 26].

Koeddiuienr minepaisanii—iMmooimisanii
(K,._;) po3paxoByBaJ 32 BiTHOMIEHHSM KiJlb-
KOCTI MiKpoOpramismis, 1o iMMo6i1i3yioTh
MiHepasbHi (JOPMU HITPOTEHY, /10 YNCEJTbHO-
cTi aMoHiikaTOPiB 32 HOPMYIIOIO:

K,_i = KAA / MIIA, 3)
e KAA, MITA — kizpKicTh MiKpOOPTraHi3MiB,
1[0 BUPOCJIN, BiIMOBITHO, HA KPOXMaJIHHO-
aMiagyHOMY Ta M’SICOIENTOHHOMY arapi.

Koedimient oxirorpoduocrti (K,, ) pos-
paxoByBaJu 3a BiJIHOMIEHHSM YHCEIBHOCTI
MiKPOOPTaHi3MiB, 110 3/1aTHI 3aCBOIOBATH eJie-
MEHTHU JKUBJIEHHS 3 JIy’Ke PO3PIPKEHUX PO3-
YUHIB JI0 3arajbHO1 YUCETHHOCTI eBTPOGhHUX
MiKpOOpraHi3mis 3a GopmyJioio:

Ko =TA / (KAA + MIIA), (4)
ne A — kifbKicTh MiKPOOpPTaHi3MiB, 110 BU-
pOCau Ha TOJIOHOMY arapi.

Koedirient I.ICZIOTpod)HOCTi .(Kneﬂ.) po3-
PaxoBYBaJIM 32 Bi/THONIEHHSIMU KiJTbKOCTI Mi-
KpooprauiamiB Ha rpyntoBomy arapi (IpA)
JI0 KLTBKOCTI MiKpPOOPTaHi3MiB, 1[0 BUPOCTHU
Ha M'sicotenitoHHOMY arapi (MITA):

Kien = IPA / MIIA. )

CrarucTuany 00poOKy eKcriepuMeHTab-
HUX JIAHUX TPOBOJIVJIN 32 3aTraJIbHONPUIHSATH-
MU B MiKp06ioJIorii METOANKAMU 3 BUKOPHUC-
TaHHSAM KOMI'IOTepHUX 1porpaM Microsoft
Excel ta 3aiiicneno ogHodakTopHuii guciep-
citinmii ananiz (ANOVA, rect Thioki). Piznu-
119 MK KOHTPOJIBHUMH 1 eKCTIepUMEeHTaTbHU-
MU TTOKa3HUKAMU BBAKATW 3HAUHUMU, KOJIH
HMOBIpHiCTD pisHuIl cranosuaa P<0,05.

_ PE3VJIBTATH
TA IX OBTOBOPEHHS

HocigxeHo BIJIUB Pi3HUX CUAEPATHHUX
KyJBTYP Ha YMCEJbHICTh MiKPOOPTraHi3MiB
€K0JIOrO-TPO(iuHUX IPYIl y MiKpPObioMi IpyH-
Ty. Ha mouaTky BererariitHoro nepiofy BcTa-
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HOBJIEHO, 10 Y MIKpoOioMi IpyHTY 6060BHX
KyJbTyp (BUKa fpa, FOPOX cujepar Ta ro-
POX Ha 3epHO) MiIBUIYETHCS YNCETBHICTH
a3oTdikcyBaTbHUX MiKpoopraHiamis Ha 20%
TTOPIBHSHO i3 THIIMMU CHUlepaTaMu, 10 Tijl-
TBEPJLKYE IXHIO IPYHTOIIOJIIIITYBAJILHY POJIb.
Y Miko6ioMi IPYHTY XPECTONBITUX KYJIbTYD
(Tipunilg JKOBTa, pe/ibKa OJiliHA) BUSIBIEHO
CTUMYJTIOBATTbHUH PO3BUTOK MIKPOOPTaHi3MiB
AMIJIOJIITUYHUX Ta aMOHI(IKyBaJIbHUX TPYII iX
YHCEJIbHICTD 3pocTasia Ha 5% BHIIE 3a iHIII
cunepatu. lle o3Hava€, MO BOHU CIIPUSIIOTH
MiHepasIi3allii OpraHiYHuX PelIToK i HIBUIIO-
My KPYroo6iry moKHBHUX PEYOBHH Y IPYHTI.

KYO mMAH wr.

lopox
Ha 3epHO

Buika apa Map

W AminonitnuHi AmoHidikyBanbHi M MNegoTpodHi

Po3sTtoponwa
nnAaMmucTa

M OniroTpodHi

Y Mikpo6iomi IPyHTY PO3TOPOIIIIT MISIMUCTOT
crocrepirajacg BUCOKA YMCEJIbHICTb OJIITo-
TpodiB Ha 40% BuIIa, HIXK y IHITUX KYJIBTYD,
IO CBIJJYUTH, IO BOHA BUJIIJISE MEHIIE /[0-
CTYIIHUX OPraHiYHMX PEYOBUH y pusocdepy,
i MIKpOOpPTaHi3M1 3MYIIIeHI PO3BUBATUCS 3a
nedinuTy noxkusHuX cyberparis. Mikpobiom
IPYHTY IIiJl IIaPOM XapaKTepu3yBaBcsl BUCO-
KOIO YHCEJIbHICTD CTPENTOMIIIETIB, 10 BKa3y€
Ha TiepeBary MiKpOOpraHiaMiB-/IeCTPYKTOPIB y
Bi/ICYTHOCTI KyJIBTYPHUX pocyinH (puc. 1, a).

3a JlaHNMU TIPe/ICTaBIeHIMHU Ha puc. 1, 6
BCTAHOBJIEHO, IO TICJISA 3a0PIOBAHHS CHJIE-
pariB 6060BUX KyabTyp (TOPOX Ha cuaepar

Pepbka
oniriHa

lopox
cnpepat

lipunya
KOBTa

M Crpentomiuetn M A30T¢iKCyBanbHi

a
67 a a a a a a
5 1 bab aIb gab 0 )
© g a I b ab ab a
= o4 4
3 b By b b b bb b b b
Z,] bl ¢ & be b b b bel
= 4 4 c bc bc
C
g & c
<2 A (S c
‘I -
0 -
Buka apa MNap lopox Po3sTtopona lipunua Topox Pepbka
Ha 3epHO nnammcTa KOBTa cupepat oniiiHa

B AminonitnyHi AmoHidikyBanbHi M MNefoTpodHi

M OnirotpopHi M CrpenTtomiuetn M A30TdiKCyBanbHi

6

Puc. 1. YucenbHicTh MiKPOOPraHi3MiB €K0OJIOr0-TPOMIYHUX TPYIT:
a — BereTallist; 6 — MicJIst 3a0pIOBAHHSI CUEPaTiB

ITpumimxu: x = SD, Thioki Tect, n=>5 MOBTOPIB; @, b, ¢ — CTATUCTUYHO 3HAYYII BIAMIHHOCTI KiJIbKOCTI PEYOBUH

(P<0,05).
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Ta 3€pHO, BUKA sIpa) y MIKpoOiomi IpyHTY I1e-
peBakaloTh aMOHiiKaTopu Ta MeaoTpodu,
e IxHs yrcenbHicTh Oysa y 1,5 pasa Buiia,
HIK y 1HIIUX CUZIePaTiB, IO 3YMOBJIEHO Biji-
MUpPaHHAM Oynb00YOK. 32 BUKOPUCTAHHS
XPeCTOIBITUX cujepatiB (Tipuuirst KOBTa,
pezibKa oJtiiiHa) Maiike y 2 pa3u 3poCTae yu-
CebHICTh aMOHi(PiKaTOPIB I CTPETITOMITIETIB,
SIKi TITBU/IKO aKTHUBI3YIOTh TIPOIECH MiHepaJIi-
3aiii. HatomicTh 3a 3a0pioBaHHs cujepary
POBTOPOIIII IIAMUCTOI Y MiKpOOioMi IpyHTY
Pi3KO 301LIBIITYETHCST YMCEMBHICTH AKTUHOMI-
11eTiB, IO TIOSICHIOE PO3BUTOK JIeTpalalliiHuX
IPOILECIB 1 3HMMKEeHHS 6GI0N0TiuHOI CTIHKOCTI
rpyHTy. Mikpo6ioM TPyHTY i MapoM Bu-
PIBHSIETHCSI BUCOKOIO YACTKOIO OJITOTPO(DIB,
0 BKa3y€ Ha BUCHAKEHHS JIETKOZOCTYITHOI
OpTaHiKK B IPYHTI 6€3 HaJXO/KEHHSI eKCy/1a-
TiB BiJl KyJBTYP.

Hageneni gani y maba. 1 niaTBepaKyOTh
ICTOTHUH BIIJINB BUJIIB CUAEPATBHUX KYJIb-
TYp Ha MiKpOOIOJIOTiUHY aKTUBHICTh IPYHTY
B arpolleH03ax MIIeHNITi 03UMOI K Ha PaHHIX
eTamax BereTailii, Tak i MiCIS 3a0PIOBAHHS
cujiepariB.

Ha mouaTkoBuX eTarnax OHTOTE€HE3y CHU-
JepaTiB aKTUBHICTH MIKPOOpTaHi3MiB OyJia

BIITHOCHO HHU3bKOI0. BUCOKI ITOKa3HUKHU T1e-
ToTpodHOCTI Ta TpaHchopMallii opraHigyHo1
PEYOBUHU CIIOCTEPITAIUCS TTijT PO3TOPOIIIIEI0
mwamucroo (1,03; 2,24) i ripuuieio xoB-
toro (0,48; 1,98), 1o cBigunTh MPO aKTUBHE
MiKpOO6ioJIOTiUHE PO3KIAJaHHST OPTaHIYHUX
CIIOJIYK 1 TiBuUIeHy 6i0JI0riYHy aKTUBHICTD
1ux BapianTis. OcobIMBO BUPIBHAETHCS CH-
nepat — ropox Ha 3epuo (1,1; 3,3; 1,3), ne
(ikcyBasm HABUTIMIL PiBEHB TIPOTIECIB MiHe-
paunizanii—iMMoOiizartii, 1110 OB A3aH0 3 BU-
COKUM BMiCTOM a30TY Y KODEHEBUX PEITKAX.
Boanouac, Buka sipa Ta TOpoX-cujiepar Majiu
HIZKYI TOKA3HUKH, 1110 XapaKTEePHO JIJIST KYJIb-
Typ i3 MeHMI010 6ioMacoio Ta MOBITBHIINM
PO3KJIaIaHHSIM.

OT:xe, HAWCTIPUSATIUBIIIMN BIJINB Ha Mi-
KPOGIOJIOTIUHI TIPOIECH TPYHTY BUSIBJICHO 32
BUKOPUCTAHHSA CUNlePaTiB: pelibKU OJIIHHOI,
TOpOXY-CH/iepara Ta ripuuili 3KOBTOI, IKi CTH-
MYJIOIOTH TIPOIleC MiHepasiizallii Ta TpaHc-
(opmarttii opraniunoi peuoBunu. Ile Brazye
Ha IXHIO BUCOKY e(peKTUBHICTD Y Ti/IBUIIEHH]
6i0TOTIYHOT AKTUBHOCTI Ta POMIOYOCTI TPYHTY
B arpoIieHo3ax MIIeHUIl 03UMOI.

JlocmizkeHo 3MiHN y YMCETBbHOCTI MiKpPO-
OpraHi3MiB eK0JIOTO-TPO(hIYHUX IPYII 32 BILIU-

Ta6uig 1. Biuius cuzepaibHuX KyJbTyp Ha MiKp0OOioJIoriyHi mpouecu
Ta TpaHC(OPMAILiI0 OPTaHiYHOI PEYOBHHU B IPYHTI

BereTagiﬁHI/Iﬁ Cupepar Ouiro- ) [Teno- ) MiHePaJ_Iii_ifirl_[ii..— Tpig?g;ﬁgxi?m
nepios TpodHOCTI | TpodHOCTI iMmOGiTizanii FyS—

Buxa spa 0,10 0,38 0,61 1,03
[Tap 0,24 0,52 0,63 1,88
Bererauis | Topox na sepro 0,13 1,1 33 1,3
Higﬁg{lx PosTopornmra missmucra 0,69 1,03 0,47 2,24
OHTOTEHE3Y lipunna sxosTa 0,09 0,48 2,27 1,98
Topox-cuzepar 0,10 0,28 0,60 1,37
Penpka osiitna 0,11 0,86 2,22 1,29
Buka sipa 0,30 0,94 0,77 9,32
ITap 0,74 0,56 0,58 7,53
[icos Topox na 3epno 0,32 0,92 0,60 11,7
320pIOBAHHST Posropormia mssmucTa 0,49 1,03 1,01 4,23
CUZICPATIB | Tipupis sxoBTa 0,46 0,69 0,48 11,1
Topox-cunepar 0,40 0,74 0,32 18,3
Penpka outiiina 0,42 0,54 0,66 12,1
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10.A. RPABYYR, I.B. BESBHOCRO

BY p13HI/IX cuuepanB y arpoiieHosax Iiie-
HUIIl 03UMOI Ha paHHIX eTalax OHTOreHe3y
(puc. 2).

3a JaHUMHM MTOJIAHUMU Ha puc. 2 BCTAHOB-
JIEHO, 1110 Ha PaHHIX eTarax OHTOreHe3y poc-
JIMH HABUILY 610MOTIYHY aKTUBHICTH IPYH-
TOBOTO MiKPOGiOMY 3a6€311euyIoTh cuiepaTi
6000BUX KYJIBTYP, 0COOIMBO CHIEPAT — BUKA
Spa, MO0 CIPUSIOTh iIHTEHCUBHOMY PO3BUTKY
aMoHi(iKaTOPiB Ta aMiJIOJITUUHUX MIKPO-
OpraHi3MiB, YMCETbHICTD IKUX Ha 25% BHUIIA
HIXK, y 1HITUX cenepatiB. XpecTouBiTi (Tip-

10 7
9
8
7
EC)
z
s 5
S 4
3
2
1
0
MweHnus MweHunys MweHnus
o3nma o3nma o3nma
(nap) (ropox (ripunua
cupepart) »KOBTa)

B AminonitnyHi AmoHibiKyBanbHi

KYO mnH wr.

MweHunua MweHnua MweHnua
o3rma o3nma o31ma
(nap) (ropox (ripunys

cupepar) JKOBTA)

B AminonitnyHi AMOHIiiKyBanbHi

B MNegoTtpodHi

W lMepotpodHi

YIS JKOBTA, PeIbKa OJIlI/IHa) CTHMYJIOIOTD
YHUCEIBbHICTD aMIJIOJITHYHUX MIKPOOPraHi3MiB
i mportecu MiHepadizarii. HaromicTs cungepar
13 PO3TOPOIIII 3YMOBJIIOE Pi3Ke 3POCTAHHS
yuceabHOCTI akTuHoMiteris Ha 50% Buiie,
HIK y IHIIMX BapiaHTax, 110 CBIAYUTD IIPO
O3HAKM JieTpalalliiHuX POIleCiB y IPYHTI Ta
3HMKEHHs Horo 6GiosioriuHol cTiikocTi (auB.
puc. 2, a).

Hampuxinii BereTariii mimeHuIli 03UMoi
BUSIBJIEHO, TII0 Y pu3ocdepi TPyHTY MIIEeHUTT
03MMOI HAaWBUIIY YMCEJbHICTH MiKpoopra-

MweHnus MweHnus MweHnus MweHnusn
o3uma o31ma o3uma o31ma
(BrKa Apa) (pepbka (po3Toponwa (ropox
oninHa) nnAMMUCTa) Ha 3epHO)

M OnirotpodHi M CrpenTtomiueti M A30TdiKCyBanbHi

a

MweHunua MweHunua MweHunua MweHnua
o3rma o3nma o3nma o3nma
(BrKa Apa) (pepbka (po3Toponwa (ropox
oniriHa) nnAMncTa) Ha 3epHo)

B OnirotpodHi M Crpentomiyetn B A30TdikcyBanbHi

6

Puc. 2. YucenbHicTh MiKPOOPraHi3MiB eK0OJIOrO-TPOMIYHUX TPYII B arPOIIEHO3aX IMIIEHUIL:
a — Ha paHHIX eTarmax OHTOTeHe3y; 6 — Ha IMI3HiX eTarnaxX OHTOTEHE3Y

ITpumimxu: x = SD, Thioki Tect, n=>5 MOBTOPIB; @, b, ¢ — CTATUCTUYHO 3HAYYII BIAMIHHOCTI KiJIbKOCTI PEYOBUH

(P<0,05).
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Hi3MiB 3a6e31euye TopoxX sK CUepar, jie Ie-
peBakaloTh aMoHidikaTopu Ta MegoTpodu,
1o Ha 12% Buiie, HiXK y IHITUX CHAEPATHHIX
kyJspryp. Lle cripuse aktusHiii Tpanchopma-
1ii opraHivyHOi pedoBWHU B IpyHTI. [ipuniis
JKOBTA Ta BUKA SAPa CTUMYJIIOIOTH PO3BUTOK
aMiJIoJliTUYHKUX 1 aMOHi(iKyBanbHUX (DopM,
MABUIIYIOUN MiKPOOIOJIOriYHy aKTHUBHICTb.
Y pusocdepi 1miciist peibKu OJTiiHOI criocTepi-
ra€Tbes OLbIl 30aIaHCOBAHNI POSIOALT MisK
OCHOBHUMU rpynamMu Mikpoopraniamis. Hato-
MiCTh BUKOPHUCTAHHS PO3TOPOTIII TIIISIMICTOT

K CUjiepaT 3yMOBJIIOE Pi3Ke 3POCTAHHS YH-
CeJTbHOCTI aKTUHOMITIETIB (CTPENTOMITIETIB),
mo #a 50% BuIle 3a iHII BapiaHTH Ta I0-
SCHIOE JcOaIaHe MiKpoOioMy 1 3MeHIIeHHsI
1OTO eKOJIOTIYHO1 CTIHKOCTI.

3a gaHumu y maoi. 2 npejicTaBieHo, 10
Ha PaHHIX eTarax OHTOTeHe3y MIIEeHUIl 03U-
MOi HAWBUIII MOKA3HUKHU OJIroTPodHOCTI
(0,75) criocrepirasics y BapiaHti 3 peabKoio
OJIIHOIO, 10 CBIIYUTH PO AaKTUBHE PO3MHO-
JKeHHS MiKPOOPTaHi3MiB, 3/TAaTHUX 3aCBOIOBA-
TH MAJIOZIOCTYTIHI CIIOTYKHU BYTJIeIro. Bucoxy

Ta6uig 2. Biuius cuaepaibHuX KyJbTyp Ha MiKpOOioJIoriyHi mpouecu
Ta TpaHc(hOPMaIilo OPraHiyHoi peYyoBHHH B pu3ocdepi NeHuIi 03umMoi

Bereramiiinui c Outiro- Ileno- Minepasizarii — TpaHC(l)quayiﬂ
repioj nacpar TpodHOCTI | TpodHOCTI iMMOGiTizanii (;pel:la(;légggl
[Tmenwntst o3uma (Tap) 0,34 0,14 0,30 3,32
TTmerust 03uMa 0,10 0,72 1,28 3,09
(Topox-cujepar) ’ ’ ’ ’
TTmerust 031Ma 0,27 1,32 1,87 1,32
(ripuniigd KoBTa) ’ ’ ’ ’
Ha pannix [Tmennts o3nma
CTATIAX (BuKa 5pa) 0,12 1,19 3,06 1,95
OHTOTEHE3Y
pocuH Ilmerpms O3mMa 0,75 0,59 1,90 1,62
(penbKa oJitina)
[Tirenuis o3uma
(posToporria 0,50 0,52 1,61 4,04
TJISTMUCTA)
ITmermts osuMa 0,09 0,65 213 1,92
(TOpOX Ha 3€pPHO) ’ ’ ’ ’
[Tmennts o3uma (map) 0,99 0,41 0,71 2,53
TTmermumst osuma 0,30 0,86 0,78 12,7
(ropox-cujepar) ’ ’ ’ ’
TTmermumst osuma 0,34 1,01 0,67 9,40
(ripuuiis xoBTA) ’ ’ ’ ’
Ha misnix [Tmenuist o3uma 0,27 0.74 0,82 7.80
eTarnax (BUKa s1pa)
OHTOTEHEe3y
pocapr | [eHuus o3uva 0,47 0,77 0,57 6,85
(penbKa ogitina)
IImenuis osanma
(posroporiia 0,60 0,57 0,79 7,51
TISIMUACTA)
TTmenmuns osuma 0,33 0,50 0,44 11,01
(Topox Ha 3epHO)
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neporpocduicTs (1,32) i minepaJsizaiiittno-
iMmmobimizaniiiny akTusHicTs (1,87) BigsHa-
YeHO B IPYHTI MICJIS TipYuIli JKOBTOI, 10 BKa-
3y€ Ha 30arayeHHs IPYHTY JETKOIOCTYIITHIMIE
HOKUBHUMM pedoBuHamu. Haiibinbnr inten-
cuBHa TpaHnchopMallisi OpraHiayHoi pedyoBu-
Hu BigOyBanacsa y Bapianti 3 napom (3,32)
i pogroporiiofo miasimucToo (4,04), mo me-
MOHCTPYE CIIPUSATINBE CEPEIOBUIIE JIJIST PO3-
BUTKY MIKPOOIOTH Ta aKTHBHE PO3KJIALAHHS
OPTaHIYHUX PEITOK.

Ha misHix eTanax oHTOTeHe3y MIMeHUI
03MMOIi y BCIX BapiaHTaX CIIOCTEPITa€ThCs Pi3-
K€ 3POCTaHHsI aKTUBHOCTI MiKPOOIiOIOTiuHIX
nporteciB. HattBuii smaventst 6y y BapiaH-
Tax i3 BUKOPUCTAHHIM TOPOXY SK cujepara
(12,7) Ta ropoxy Ha 3epno (11,01), mo Bka-
3y€ Ha MO3UTUBHUH BITUB G000BUX KYJIBTYD
Ha HAKOIMYEHHs GioMacH Ta iHT€HCHBHICTDH
(isionoro-6ioximiunux npoiecis. Y Bapian-
Tax i3 ripuuiieio xoBToio (9,40), BUKOIO sIpOIo
(7,80) Ta posroporriieio miasimuctoio (7,51)
BU3HAYEHO HIZKYI KOeIIIEHTH, 10 CBITINTD
PO MeHIy ePeKTUBHICTh X CUAEPATiB Y
MOKpaIaHHi JKUBJIEHHS Ta CTPYKTYPU IPYHTY.
Hatimentini mokasHuKY Bi/[3HAYEHO Y BapiaHTi
napy (2,53), 1o miaTBepaKye 0OMeKeHICTh
GescuaepanbHOro BapianTa aJs 3abesnedeH-
HS POCJIMH HEOOXITHUMU €JIeMEHTaMU JKUB-
JIEHHS Ha TT3HIX eTarmax PO3BUTKY.

OTKe, 32CTOCYBAHHST CUJIEPATIBHUX KYJIb-
TYp, 0c00JUBO 6O0OOBUX, 3HAYHO T ABUIILYE
(izionoriuny aKTUBHICTH i TPOAYKTUBHICTD
MIIEeHUIl 03UMOI B Ii3HI Mepiogu OHTOre-
Heay.

BUCHOBKH

Ha pannix eranmax oHTOTeHe3y TIIEHUITI
03UMO] HAWBUIII TOKA3HUKU MEA0TPOMHOCTI
Ta MiHepaJisaniiiHo-iMMO6LTi3aiiHOT aKTHB-

HOCTI cIlocTepirajucd y BapianTax i3 ripuyu-
1eto skosToio (1,32; 1,87) Ta ropoxom Ha 3ep-
1o (1,10; 3,30), 1110 CBiTYUTH PO iIHTEHCUBHE
MiKpo06ioIoriune po3KIafanHs OpraHiuHuX
PEIITOK 1 IMOKpaIlaHHs ITOKUBHOTO PEKUMY
TPYyHTY.

Ha misnix etamax oHTOreHe3y BCTaHOB-
JIEHO iCTOTHE 3POCTaHHST iIHTEHCHUBHOCTI Mi-
KpPOOIOJIOTIUHUX TIPOIIECIB Y BCiX BapiaHTax
nocutiny. HaiiBuii nokaszuuku tpancdopma-
11ii Opra"iyHol peyoBWHU 3a(]ikCOBaHO y Ba-
pianTtax i3 ropoxom sk cujgepatom (12,7) ta
ropoxom Ha 3epHo (11,01), mo 3ymoBieHo
BUCOKMM BMICTOM a30Ty B POCJWHHIN Maci
6000BUX KYJIBTYD.

Y rpyHTax micJis XPeCTOIBITUX CUEPaTiB
(TipuuIli JKOBTOI Ta PeIbKH OJIIITHOI) ITpocTe-
JKyBaJIacst CTUMYJISIIIST PO3BUTKY aMoHi(ika-
TOPIB 1 aMIJIOTITUYHUX MIKPOOPTaHi3MiB, 1110
3abesmeuye MBUIKE MiHEpaTi3yBaHHSI Opra-
HIYHUX CTOJYK i MPUCKOPEHHS KPYToobiry
MOKUBHUX €JIEMEHTIB.

Y BapiaHTi 3 PO3TOPOIIIEIO TISIMUCTOIO
BIIMIYEHO I ABUIIIECHH YUCEJIbHOCTI aKTUHO-
MIIIETIB i 0JITOTPOdIB, 10 BKA3Yy€ HA CIIOBiJIb-
HEHHs MiHepaTi3aIliifHAX MTPOIIECIB i PO3BUTOK
03HaK 610JIOTIYHOTO BUCHAKEHHS TPYHTY.

Haiimeniny 6ioJoriuny akTUBHICTb IPYH-
TOBOTO MiKPOGiOMY BCTaHOBJIEHO Y BapiaH-
i mapy (2,53), 110 mATBEPIKYE 0OMEKEHY
3aTHICTb Oe3CcuIepabHOrO BapiaHTa i Tpu-
MyBaTH MiKpoOioJIOriuHy piBHOBATY Ta POIIO-
YiCTb IPYHTY.

HaiiBunly edgexkTuBHICTH Yy TOCUIEHHI
MiKpOGi0IOriYHOT AKTUBHOCTI, IHTEHCUBHOCTI
mpoiieciB TpanchopmMallii opra"iynoi pevo-
BUHM Ta 3a0e3medenni 6ioI0riuHol cTiiikocTi
IPYHTY TIOKa3aau cujpepatu 6060BUX KyJIb-
TYp — TOPOX-CHJIepaT, TOPOX Ha 3ePHO Ta BUKA
apa.
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JNHAMIKA ITOINNPEHHA CUCUMBER MOSAIC VIRUS
B ATPOIHEHO3AX OBOYEBUX KVJIBTYP
3A KOHTPACTHUX ITOI'OAHUX YMOB

B.O. IIsiryn, C.0O. Maz3yp, A.C. Jlesimko, I.I. I'ymeniok, O.10. Koxonszxumii
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Jocaioncenns 30cepedcero Ha ananizi dunamixu nowupenus Cucumber mosaic virus (BOM)
6 azpoexocucmemax 08o4esux Kyavbmyp Ykpainu 3a enaugy kaimamuynux smin. BOM € o0num
i3 HalnowupeHiwux ma eKoOHOMIYHO 3HaA4Yyuux gimogipycie, wo ypasicye nonad 1200 eudie
DOCAUH, BKAKOHAIOYU 02IPKU, NOMIOOpU, nepeyb ma Kabauku, CRPUHUHAIOUY 8MPAMU 8POXHCAIO
00 20—50%. [Iposedenuii exonoeiunuii monimopune y 2021—2025 pp. euséue 3naune nouiu-
penns BOM 6 acpoyenoszax osouesux kyromyp. Pieens ypascenns eapirosas 6io 19% y 2021 p.
do nikosux 40% y 2024 p. Haiieuwa inyudenmuicmo (15—25%) cnocmepieanacs y niedennux
pecionax, de euuii memnepamypu ma mpusaniuti nepioou NOCyxu cnpusiau aKmueHocmi gipycy,
mooi AK y Ni6HIMHUX pe2ioHax nokasnuk 0yeé 3nauno Huxcuum (8—12%). Cumnmomamura
inghexuii exarouana ceimno-zeneny (35,3%) ma scoemo-3eneny (25,1%) mosaixy, xaopozu
(21,6%), nyxupuacmi degpopmayii aucmrie (9,7%) ma dexoaopusauito niodie, wo cynpo-
8002CY8ANOCA ZHUNCCHHAM AKOCMI HacinHs. Kopeasauiiinuii ananiz npooemoncmpyeas cunbHy
nozumueHy kopensyito (r=_0,86) minc cepeOHbOPiuHOIO MeMnepamypor ma noOUUPeHicmio
BOM, ma cuavny Hecamusny xopeasyiro (r=—0,94) 3 kinvkicmio onadie. ExcmpemanvHi
noeooui ymoeu 2024 p., 30xpema pexopone nomenninns (+1,55°C) ma niosuwena eonoeicmo,
3YMOBUAU MACOBe NOWUPEHHS Gipycy uepe3 aKkmusHicmo eéekmopie, sik-om Myzus persicae.
Y 2025 p. inyudenmuicmo 3nuzunacs do 31% 3a605Ku 3acmocy8antio azpomexHivHux 3a-
x00ie. 3agikcosani kaimamuuni 3minu, 30kpema nomenainua na 1,6°C y Ionicci ma ne-
cmabinbricms onadie, cnpusau RPOO0BICEHHIO Gecemayiiinozo nepiody ma ineasii éekmopis.
Y uenmpanvnux pecionax iz poorouumu woprnozemamu (SOC 2,0—3,5%) eidbysanacs inmen-
cueHa KOHmMaKkmua mpancmicis, mooi sk menut podwoui rpyumu (SOC 1,0—2,0%) nidsu-
Wyeanu CnpuiHAmMAUgicms pociur 00 gipycnoeo cmpecy. 38% ingikosanux pociun Oyiu
06e3CUMNMOMHUMU HOCIAMU, W0 RIOKPeCAOE KPUMU4HY nompely 6 MoaeKyaapHill diaeHocmuui
015 eheKmuUBHO20 MOHIMOPUHEY.

Karouoei caoea: sipycui inghexuyii pocaun, Cucurbitaceae, monimopune, YuHHUKU HAGKOAUUL-
Hb020 NPUPOOH020 Cepedosua, N0200HO-KAIMAMUYHI 3MIHU, 6MICM OpeaHiMHO20 8yeneyio,
ghimocanimapHi pusuxu.

BCTVYII

DOL: https://doi.org/10.33730/2077-4893.4.2025.345462

Cucumber mosaic virus (CMV), 1o Ha-
JexkuTh 10 poxy Cucumovirus, € OIHUM i3
HaUTIONNPEHINX i eKOHOMIYHO 3HAUYITNX
diTosipycis, 3naTaux indikysaru nonas 1200
BW/IiB POCJIMH, BKJIIOYAIOUN KITIOUOBI OBOUYEBI
KYJIBTYPH, SIK-OT OTiPKH, TIOMiIOpH, TIepettb Ta
kabauky. OCHOBHUMMU HIJISIXaMU TIOIIUPEHHS
CMYV e TpaHcMicist yepe3 KOMax-BeKTOPIiB,
30KpeMa IOMeNunllb, a TAKOXK HaCiHHEBA Iie-

© B.O. Isiryn, C.O0. Masyp, A.C. Jlesimro, I.1. 'ymeniox,
0.10. Romopsizunii, 2025

pesava Ta HagBHICTD TPUPOTHUX Pe3epByapiB
cepefi cereTajabHOI POCTUHHOCTI. Y KOHTEKCTI
r06aIbHIX KJIIMaTHYHKUX 3MiH, 1[0 XapaKTe-
pU3YIOTHCS TiABUIIEHHSIM CEPeIHbOI TeMIte-
parypu, 36iabuentam koumenTpaiii CO, Ta
3MiHAMHU B pesKMMax OIajIiB, €IiIeMiooTis
3a3HAYEHOTO BipyCY 3a3HA€ 3HAYHWX TPAHC-
dopwmariit [1; 2]. TligBunieni temmeparypu
(20-25°C) crupusioTh MBUAIIIH PETPOAYKIILiT
BEKTOPIB, PO3NINPEHHIO X apeasiB i mocuieH-
HIO IHIMJIEHTHOCTI BipycHUX iH(eKIIii, Toji
sIK TIocyxu Ta Bucoki piBHi COy OCIab 00 Th
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iMyHHi MexaHi3mMu pociut, 3okpema PHK-
intepdepenttii. [1i YMHHUKN CTBOPIOIOTH HOBI
BUKJIUKU JIJISI aTPOIIEHO31B OBOYEBUX KYJTh-
TYp, HOTIPLUIYIOYN IIPOAOBOJIbYY OE3IEKy B
perioHax i3 iHTeHCUBHIUM 3eMJiepobeTBOM [3].
JocmipkeHHs IMHAMIKY TTONITMPEHHST BipyCy
MO3aiKH OTipKa B arpoeKocucTeMaX OBOYEBUX
KYJIBTYP Ta iHTeTpalist JaHUX MMPo KJIiMaTny-
Hi YUHHUKN Ta 6ioJI0TiuHI 0COBIUBOCTI Bi-
PyCy BIIKPMBAE MOKJIMBOCTI [JIsI PO3POOKM
CTIHKMX arpOTEXHOJOTiH, CIIPSIMOBAHNX Ha
MIHIMI3aI[iI0 eKOHOMIYHUX Ta €KOJIOTIYHUX
PU3UKIB.

MeTo10 HOCHiKeHHs € aHaJli3 JUHaAMIi-
KU TIONTMPEHHS BipyCy OTiPKOBOI MO3aiKN B
arpolleHo3ax OBOYEBUX KYJBTYD YKpaiHu Ta
OTliHKa BIJIMBY KJIIMaTWUYHUX 3MiH Ha HOTO
€11 7IeMi0JI0Ti 0.

AHAJII3 OCTAHHIX TOCII/IXKEHb
I IIYBJIIKALIIN

3MiHa KJIIMaTy € OJTHUM i3 KJIIOUOBUX BUK-
JINKIB Cy4acHOCTI, 1110 BIUIMBA€E Ha CLILCHKO-
TOCTIOIapPChKe BUPOOHUIITBO Uepes 3MiHU TeM-
nepaTypHUX PeKUMIiB, OMAJiB, a TAKOX IU-
HaMiK{ TTOMYJISATIN KOMax-TIepPeHOCHUKIB Ta
GiopisHomaniTTs. DiTOBIpyCH, SIK HEKJTI THHHI
iH(eKIHI areHTH, Mo YPaxKyioTh POCIUHU,
CTAHOBJIATb 3HAUHY 3arpo3y /I arpoleHO31B,
CIIPUYUHSIIOUN BTPaTu Bposkaio 10 40% [4].

3a ocTaHHi I'ATh POKIB KJIiMaT YKpaiHu
cTaB GIMBINT TOCYIIJINBUAM, CepeiHst piuHa
TeMIepaTypa MoBiTps B YKpaiHi 3pocia Ha
0,4—0,6°C Ta 3a/nmaeThes cTabiIbHO BUILOIO
3a KJIIMaTU4IHy HOpMY, i3 mikamu y 2020 Ta
2024 pp. [5; 6]. IligBuieHHs cepesHbOPiYHOI
TeMIIepaTypy CIPUIIO PO3IIUPEHHIO apeasliB
KOMax-1IepeHOCHHUKIB, 30KpeMa IOIeJNIb, 1[1-
Ka/loK Ta TpuriciB. JlocipkerHs Jones moka-
3aJ10, 10 TIOCUJIeHHs TemiepaTypu Ha 1,0°C
301JIBIIIYE TOIYJISAIIT KOMaX-IIePEHOCHUKIB Ha
15-20%, 110 MPUCKOPIOE Tepenavy Bipycis,
sk-ot Tobacco mosaic virus (TMV) i Tomato
yellow leaf curl virus (TYLCV) [7]. B Ykpaiui
3pOCTaHHs ypakeHHs mienutli Barley stri-
pe mosaic virus (BSMV) Ha 25% 1os’s3ato
3 HOJ/IOBKCHHSIM CE30HY aKTHBHOCTI Iole-
Jmtp [8].

Cucumber mosaic virus nouMpIOETHCS He-
HEPCUCTEHTHUM THUIIOM Ilepejiadi 3a y4acTio

nonaz 80 BuziB nonesmis poautn Aphididae,
cepell SKUX Halle(eKTUBHIIIMMU BEKTOPaMU
€ Myzus persicae ta Aphis gossypii. Hacintesa
nepejiava, xo4a MeHIn epeKTuBHA (4acToTa
1-10%), poTe Bizirpae BaxkJIMBY POJib y 30e-
PEsKEeHHi BIpyCy MiXK ce30HaMu, 0COOJIUBO B
KyJIBTypax, K-0T rap6ysosi Ta 60608i. Exc-
NepUMEHTAJIbHI JIaHI BCTAHOBUJIN, 1[0 32 TEM-
nepatypu 20—25°C penpoayKitist OMeNnIb,
SK-0T Myzus persicae, 3poctae Ha 20—-30%, a
ixHi apeann po3mmupioloThcst Ha MiBHIY. Ce-
reTajbHi pOCIMHMU, TakKi Ak Amaranthus spp.
i Chenopodium spp., CJIyryiotb pesepByapamu,
MiATPUMYToun iH(EKINI0 B arpoeKoCcucTeMax
[3; 4; 9]. Ile cupuuntsie 36i1MbIIEHHS TpaAr-
agaunag CMV'y perionax Ykpainu, 30KpeMa B
HEeHTPaIbHUX 1 MiBAEHHUX 00JIaCTSIX, JI€ CIIOC-
TepITAEThC TMOCUJIEHHS yPaKeHHS OTipKiB
i TomariB Ha 15-25% [8]. 3a Temneparypu
30-37°C meit Bipyc IeMOHCTPYE TiABUIIIEHY
eeKkTUBHICTD perTikaiii B pocamHax-ToC-
nojapsax. ABCTPaiiCbKUMU JIOCTiTHUKAMU
MTOKA3aHo, 10 32 TAKUX YMOB BipyCHI TUTPH B
TKaHWHAX POCJWH 3POCTAIOTDH YABIYi—BTpUYi
yepe3 rnpuckopenns cunredy Bipycuoi PHK i
nocaabIeHHs 3aXUCHUX MEXaHi3MiB POCJIVH,
3okpema PHK-inTepdepenttii [10].

ITocyxwu, siKi 30i/IbIIIINCS B TIBIEHHNX pe-
rioHax YKpaiHu yepe3 3MeHIIIEHHs OIa/liB Ha
10-15%, 3umxyitors edexrusnicts PHK-in-
TepdepeHIlii — KJII040BOro MeXaHi3My MPOTH-
BipycHoro 3axucty pocanH. [locyxa Bukimkae
CTPECOBI YMOBH, 10 TPUTHIYYIOTH €KCITPECio
TeHiB, BiAATIOBIATbHUX 32 JIeTPaalliio Bipyc-
ol PHK, sake crnipusie Hakommmuennio CMV'y
pociunax. IligBunienns kouienrtpailii CO4
B armocdepi, sike csarano 420 ppm y 2023 p.,
BIJIMBA€E Ha (i3i0J0TiI0 POCJANH i BipycHY
muHamiky. Jlocmimkenns Scandolera BusiBu-
g0, mo migsuinenuin CO, (500-600 ppm)
30isbInye BipycHi Tutpu CMV'y pociimHax Ha
10—20% uepes 3minu y (hOTOCHHTETHYHIIT aK-
TUBHOCTI Ta MeTaboJi3Mi ByrieBozis. OnHak
KOMOiHOBaHi cTpecy (BUCOKI TeMItepaTypu Ta
CO,) MoxyTh MaTu Bipyc-crerndiuni edex-
TU, HATIPUKJIAJ], 3MeHIIeHHs e()eKTUBHOCTI
repejiavi Bipycy TOTETUISIMA Yyepe3 3MiHU
XimMiuHOTO CcKJaxy pocaun [11].

B €spori kaiMaTu4Hi 3MiHU CIIPUYUHU-
mau criastaxu CMV, moB’d3ani 3 caTeJiTHUMN
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PHK, sxi nmocusioioTh naTOreHHicTh Bipycy,
BUKJIMKAIOYN HEKPO3 TIJIO/IB i JucTkiB [12].
Amaroriuni emiieMiyHi crajaxu B YKpaini
Gysm 3apeectposani B Ozechkiit 061, y 2022—
2023 pp. 3rifHO 3 JAHUMU MOHITOPUHTY, B
1eit nepiox 6ys0 3adikcoBaHo 30ibIIEHHS
PiBHSI ypaskeHHs ToMi1opis i mepitio Ha 20%.
Ile 6y10 3yMOBJIEHO CHHEPTETHYHUM BILIH-
BOM /IBOX YMHHUKIB: TOEHAHHS TIOCYIIJIUBUX
MepioziB Ta MiIBUIICHOI AaKTUBHOCTI MOITYJId-
i1 TOTIETUITb-TIEPEHOCHUKIB [8].

3MiHu y (eHosorii poCaMH-TOCTIONAPIB,
CIIPUYUHEH] MOTEIJIIHHAM, TaKOXK IiIBUIILY-
I0Th IXHIO BpasynBicTh. Hampukiazm, 3miten-
Hd 1epio/iB UBITIHHSA KYKYPYA3U Ta I1OMi-
JIOPiB 30iraeTbes 3 MiKaMu akTHBHOCTI KOMax-
MEPEHOCHUKIB, 10 MTOCUJIIOE eTTiIeMioJIoTiv-
Huil Tick [9]. Y miBgeHHNX perioHax Ykpai-
Hu (Onecbka, XepcoHebka 00J1.) TIOCYXH, SIKi
36iTBIIMIIICS Yepe3 3MEHIIeHHsT OMa/iB Ha
10—-15%, cTBOPIOIOTH CTPECOBI YMOBU [IJIsT
POCJIVH, 3HWKYIOUN 1XHIN IMyHHUN 3aXUCT
MIPOTH BiPYCIiB.

Krimatwyani 3MiHU CIPUSTIOTH TOSBI HO-
BUX IITaMiB (iTOBIpyciB yepe3 MyTallii Ta
reeTnuHy pekom6inamiro. Jocmimkenns Tsai
MPOJIEMOHCTPYBAJTIO 3POCTAHHS TeHETUIHOI
pizHomanitHocTi CMV yHaCi 10K pUHKOBOTO
0OMiHy HACIHHEBMM MaTepiaJioM Ta 3MiH 0io-
pisHoMaHiTTs [10]. BoenHmil KoHODIIKT, MmO
posnouascs B 2022 p., CIPUYMHUB JIOTICTUYHI
Ta eKOHOMiUHI 0OMeKeHHd, IKi HeraTUBHO
HO3HAYMJIUCA HA JAOCTYIIL 10 BUCOKOSKICHO-
ro nociBHoro marepiainy. Ile, cBoeio ueproio,
3YMOBWJIO TIBUTIEHHS PU3UKIB IHTPOILYKIIi1
Ta TIONIMPEHHS MATOTEHiB, SAKi TepeaoThCs
yepe3 HaCiHHA.

Ha cporopni KJITOYOBUM 1HCTPYMEHTOM
JI71ST TIPOTHO3YBAHHS CITaJIaXiB BIpyCHUX iH-
dex1iii mo3uIioHy€eThCs po3pobKa crcTeM
PaHHbOTO IHOIepe/PKeHH Ha OCHOBI JANCTaH-
IITHOTO 30HYBAHHS Ta KJIIMAaTUYHUX Mo/e-
Jgeil. [cHyI0Th HOCTiZPKEeHHs, 110 OMUCYIOTh
BUKOPHUCTAHHS CYITyTHUKOBUX JIaHUX 1 KJliMa-
TUYHUX MOJIeJiel /1711 MOHITOPUHTY TTaTOTeHiB
y arpoileHo3ax, siKi B MepCcreKTUBI MOXKYThb
6yTH aganToBaHo st (ITOBIPYCIB Ta AacTh
MOKJTUBICTD BUSIBJISITU 3MIHU B POCJUHHOMY
MOKPUBI, TIOB’s13aHi 3 BipycHUMU iH]eEKITis-
MU, i TPOTHO3YBATH PU3UKHM HA OCHOBI KJIi-

MaTUYHUX T1aPAMEeTPIB, AK-OT TeMIlepaTypa
Ta BoJioricTh [14]. B Ykpaini BupoBajKeHHS
TaKUX CHCTEM YCKJIQ/IHEHO Yepe3 HeJI0CTATHIO
g poBy iHGPACTPYKTYPY Ta MOIIKO/KEHHS
METEOPOJIOTIYHNX CTAHIIIM YHACJTIIOK BiliHY,
ockinbku siutre 30% MeTeocTaHiii B Yrpaini
(pyHKIIOHYIOTH HA TTOBHY MOTY>KHICTb MiCJIS
2022 p. [15].

Tomy, 3MiHM TOTOTHO-KJIIMAaTUIHIX YMOB,
SK-OT MIJIBUIIEHHS CePeIHbOPIUHUX TeMIle-
paTyp, 3MiHa PeXUMY OHa/iB Ta 3POCTaHHS
YaCTOTU €KCTPEMAJbHUX TTOTOJHUX SBUII,
CTBOPIOIOTh HOBI YMOBHU J/IJI BipycCiB Ta iX-
HiX MTepeHOCHUKIB, 30Kkpema momneantlb. [e
MIPU3BOJIATH /IO iIHTEHCUBHIIIOTO O PEHHS
CMYV, mo € olHUM 13 HAWTIONIUPEHIITUX Bi-
PYCiB POCTUH 1 Bpaskae CTPATETIvHO BAsKJINBI
oBoueBi KyJaprypu. [HpikyBanHS 1M Bipy-
COM CIIPUYNHSE 3HAYHI €KOHOMIYHI BTpaTU
yepes 3HMKEHHST BPOsKAHOCTI Ta MTOTipITeHHS
SIKOCTI TIPOAIYKIILi1, 0 CTBOPIOE MPSMY 3arpo-
3y IIPOAOBOJIBYIN OesIrer.

MATEPIAJIN TA METOA
JOCIIIZKEHD

[ltst ontirku nomupernst Cucumber mosaic
viris Ha OBOYEBHX KYJIBTYpax B YKpaiHi 6yiro
ITPOBE/IEHO KOMILJIEKCHE JIOCTI/IKEHHS TIPO-
TATOM BereTariiiiaux ce3onis 2021-2025 pp.
3pasku pOCINH BiIOMPATIICS B arpOTIEHO3axX
NPUPOJHO-KIIMAaTUYHUX 30H Ykpainu: Ilo-
Jicces (IepHOBO-MII30JAUCTUI Ta CipU JIi-
COBUI TPYHT i3 HU3BKUM BMICTOM TYMYCY
(1,5-2,5%), oprauniunuit Byriaeip (SOC)
~1,5-2,0%); Jlicocrery (40pHO3eM THIIOBHIA
3i BmicToMm tymycy 3-4%, SOC ~1,5-3,0%);
Crerty (4OpHO3€M TUIIOBUI 31 BMICTOM T'yMY-
cy 2-3%, SOC ~1,7-3,2%).

3a mepion 2021-2025 pp. Ha TepuTopii
Ykpainu crioctepiranacs TeHIEHIIis 0 moTe-
TJTiHHS, 3 pekopaHo TerinM 2024 p. (cepen-
upopiuna Temreparypa ~11,2°C, mo na 2-3°C
BuIe ictopuunoi Hopmu ~ 8,4°C). Onaan
OyJu BapiabebHUMM: CePeIHbOPIUHI 3Ha-
yenHsd ~500—600 MM, 3 TEHACHIIEIO 10 3MEH-
mrenns B 2023-2024 pp. (505 mm y 2024 p.,
nopiBHsaHo 3 597 MM y 2023 p.). Jlito 2024 p.
6yJ10 HallCTIeKOTHIINM (CcepeHsT TeMIepa-
typa 22,4°C). 3umu cTasu M SKIIUMU Ta
3 MEHIIIMM CHIFOBUM IIOKPUBOM.
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g netexiiii Bipycy pOCJIMHHUN MaTepia
(ymuetku, toam) romorenidysann y 0,1 M
dhocdarno-comboBomy Oydepi (pH 7,4) y
cuiBBignotenni 1:2. O4ucTKy Bijl pOCJH-
HUX KOMIIOHEHTIB IPOBOJAMJIU HEeHTPUDY-
ryBarusM y peskmi 5000 06./XB yIpogoBx
20 xB 3a +4°C na nenrpudysi PC-6 [16]. 3pas-
KU HA HAsSIBHICTh BIPYCHUX aHTHUTEHIB aHAaJi-
syBaiu imyHodepmentaum ananaizom (IMA)
y MojudikaIigx canzibiu ta Henpsmuii [17].
[lnst merexii Bipycnux antureniB y [(DA Bu-
KOPHCTOBYBAJIU TECT-CUCTEMHU BUPOOHUI[TBA
Loewe (Himeuunna). Pesynbratu peectpy-
Basin Ha pigepi Termo Labsystems Opsis MR
(CIHIA) i3 mporpamumm 3abesnedeHHssM Dy-
nex Revelation Quicklink 3a gosxunu xsump
405/630 um. OGpOOKY JaHUX ONTHYHOI TyC-
THUHU 3Pa3KiB 3[1MCHIOBATN METOIOM OTIHU-
COBOI CTaTUCTUKH, BU3HAYAIOUM CEPEeJIHI Ta
cranziaptHi Biaxuaenus ganux [18]. [Toporo-
Be 3HAUEHHS ONTHUYHOI I'YCTHUHH, SIKe Bipi3-
HS€E TIO3UTUBHI Pe3yJbraTu (DepMeHTaTUBHOI
peaxirii Biji 3HaUeHHsT (DOHY, BU3HAYATHN IS
KOXKHOTO TITAHIIIETa OKPEMO Ta 3TiJTHO 3 pe-
koMenattigmu [19].

BwmicT opraniunoro Byrieini B IPyHTI
(SOC) BusBsamm y Bepxubomy mmapi 0-20 cm
METOJIOM CYXOTO CHAJMIOBAHHS 3 TTOAAJIBITM
3aCTOCYBaHHSM criekTpodoTromeTpii (crek-
tpodoromerp 102 UV) [20].

Bizncoroxk indikosanocri Cucumber mosaic
virus (CMV) njist KoxkHOI 06J1aCTi pO3PaxoBy-
BaJIn 32 (HOPMYJIOIO:

BI = (KII3 / 3K3) x 100, (1)

ne BI — % indikysanns; KII3 — kiabkicTh
MO3UTUBHUX 3pa3kiB; 3K3 — 3aranbHa Kifb-
KiCTb 3pa3KiB.

Cepenne 3nauenns (M) ta cranjapThe
Bigxunenns (SD) yactku indikoBanux 3pas-
KiB 00UHC/IIOBAJIN 32 CTAHAAPTHUMU (HOPMY-
JaMu st GiHOMIAIbHUX TIpOnopIiii. 95% 10-
Bipuwmii inrepsar (95% /1) miist 6inomianbHux
MIPOTIOPIIiNl BUKOHYBAJIN 32 MOAM(DIKOBAHUM
MeTogoM Bijicona 3 monpaskoio Ha Gesie-
PEPBHICTb.

Koedinient Bapiarii (CV, %) po3paxoBy-
BaJIN SIK

CV=(SD / M) x 100. (2)

J1J1s1 BU3HaYeHH KiJIbKICHOI OI[IHKU BILIM-
By abioTHUHUX Ta GIOTUYHUX YMHHUKIB Ha
BUPAKEHICTb CUMIITOMIB BUKOPHUCTAHO KOe-
(dinient exosoriunoi 3anexuocti (Kg,), Mo-
nudikoBaHWN s BipycHUX iHGEKITi poc-
auH [21].

Kopensuiiiny Marpuiio OymyBaau 3a Ko-
edittientom miniitnoi kopesatii [lipcona (7),
Jle 3aCTOCOBYBAJIM 3HAUCHHS YMHHUKA JIOBK1JI-
Jid, nomupenicts CMV Ta KiJbKiCTb POKIB
nociipkents. CTaTueTuaHy 3HAYYTIICTD OITi-
HioBasin 3a t-kputepiem Croiofenta. Kpurny-
He 3HavenHs 3a p<0,05 Ta df=3 craHoBuo
3,18. Yci npencrasieni B cTarTi KoedillieHTH
(r=0,86; r=-0,94) € craTucTUYHO 3HAUY-
mmu (p<0,05). /lust oriHKu 3B’SI3KiB MiK
piBHeM iHdikyBanHsa CMV ta aGioTHYHUME
YUHHUKAMU [TPOBOJIUJIN HeTlapaMeTPUYHUIA
KOpeNduiiHuil aHaji3 i3 BUKOPUCTAHHAM
koedirienTa panroBoi kopessii CripMena.
Craructnany 06poOKy BUKOHYBAIH Y TPOT-
pamHux makerax StatSoft Statistica 10.3.

_ PE3VJIBTATH
TA IX OBTOBOPEHHS

3agdikcoBaHi 3MiHM KJIiMaTy B YKpaiHi,
IO TIPOSIBISIOTHCS B AaHOMAJIBHOMY 3pOC-
TaHHI TeMIepaTypu, MaioTh Oe3rocepenHiii
BIIJIUB Ha €KOCHUCTEMHM, BKJIOYHO 3 arpap-
HUM cekTopoM. 1li HOBI KJiMaTHYHI YMOBH
CTBOPIOIOTH CIIPUSATIUBE CEPEOBUIIE s
610JIOMUHUX areHTiB, gKi paHinie He Oyiu
TUTIOBUMM JIJISI TIEBHUX PETiOHIB. AHATI3 10-
TOJTHO-KJIIMAaTUYHUX YMOB YKpaiHU y TIepiof
2021-2025 pp. 3acBiuuB, M0 TeMIEPATyp-
Huit pesknm [losticest xapakTepnusyeThbest Hall-
BUIIUMU TEMIIAMU TTIOTETTIHHS B YKpaini (Ha
1,6°C) i3 HepiBHOMIPHICTIO 3BOJIOJKEHHSI, TI[0
CITPUSIE TIOJIOBKEHHIO BETEeTaIliiTHOTO Iepiory
(1a 7—10 1i6) Ta po3BUTKY iHBa3ii HOBUX BU-
niB (Hanpukaan, Myzus persicae, Aphis fabae,
Hyalopterus pruni). 3adikcoBaHi kiiMaTHuHi
3MiHH, BKJTIOYAIOUN KOJIMBAHHS TEMIIEpaTyp Ta
omajIiB, 6e3mocepeHbo BIIMBAIOTH Ha arpo-
€KOCHCTEMHU, CTBOPIOIOUN CIIPUSTINBI YMOBH
JU1s olnnpeHHs naroredis. Ii ekcrpemalb-
Hi TTOTO/THI YMOBY 3MIHIOIOTh €ITi/IeMioJIoTiv-
HY CHUTYyaIlifo, poOJsiuy arporeHo3u GiJbIi
BpPa3JMBUMU 0 BipycHuX indekiiii. Tomy,
iCHY€E TIpgMa KOPEJISATist MiXK KJIAIMaTUIHUMHA
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3MiHAMU Ta TUHAMIKOIO MOIIUPEHHS BipyCiB,
3okpema i CM'V, B oBoueBux KyabTypax. Hac-
JIJIKOM TIMX KJIIMaTUYHUX 3MiH € 3POCTaHHS
IHTEHCUBHOCTI BIpyCHUX 3aXBOPIOBAHb, 1110
GesrnocepelHbO BIIMBAE HA arpapHe BUPOO-
HUIITBO.

Bceranosieno, 1110 yactora ypaxkeHHs poc-
JINH 0BOYeBUX KyJabTyp CMV konmBaiacs 3a-
JICJKHO BiJl periony Ta KJAIMaTU4YHUX YMOB.
¥ cepennbomy, piBenb ingdikysanus CMV cra-
HoBUB 15—25% y miBieHHNX perioHax YKpai-
HU, [Ie CTIOCTepiTanucs BUIL TeMIepaTypu
Ta TPUBAJIIII TIepio/n mocyXu. ¥ MiBHIYHUX
perioHax 1eil moKasHuK GyB HIKYNM, ¥ MEXK-
ax 8—12%.

Ha pocamnax ponunu Cucurbitaceae cumin-
TOMU 3aXBOpIoBaHHs Oyau yepes 30—45 1i6
micJist ociBy, y mepion 6yTonisarii. Tleprmi
O3HAKU XBOPOOU MPOSIBJISIIMCS HA MOJIOIUX
JINCTKAX y BUIVIS/LL JKOBTYBATUX ILJISIM Ta 110-
CBITJIIHHST TKAHWHU B3/I0BK TOJIOBHUX SKUJIOK.
Y nopanpnioMy Ha pociMHAX PO3BUBATHUCS
CUMIITOMH JKOBTOI ab0 3eJIeH0i CHCTeMHOT
MO3aiku, 3'aBJsiiacst Aeopmailist JIMCTKIB Ta
mwofiB (puc. 7).

Ha nucTroBUX MJIACTUHKAX POCJUH CIIO-
cTepirasncs Pi3HOMaHITHI MTATOJIOTIUHI 3MiHH,
IO CBiZIYaTh MPO BipyCHi ypakeHHS. 30Kpe-
Ma, Bi/IMiY€HO pi3Hi TUIIN MO3aiK, SIKi Bapiio-
BaJIH SIK 32 3a0apBJIEHHSAM, TaK i 32 PO3MIIIEeH-
HsM. 3a 3a0apBJIEHHSIM MO3aiKW MOIISITACS
Ha cBiTy0-3eseni (35,3%) Ta jK0BTO-3eseHi
(25,1%). 3a posraiyBaHHSIM Ha JIUCTKOBIN
MJTACTUHIT PO3PI3HAIN TPKUIKOBY (7,8%)
Ta MIKKUIKOBY Mo3aiky (3,2%). Takox Ha
JIICTKAX YacTo BUSIBJISLN xJi0po3u (21,6%) Ta
nedopmaiiii inctkoBoi mactTuaku. Ceper jie-
(opmartiii BizHavaMnUCs MyXUpPUYaCTi 31y TTS
(9,7%), cMyTH B3I0B3K KIJIOK (5,9% ) Ta 3HAUHI
3MiHu (hOPMU JINCTKA, BKJIIOYAIOUN OTO HUT-
KoBuzHiCTb (2,3%). 1li cumnTomMu BKazyioTb
Ha KOMIIJIEKCHE YPasKeHHsT POCJINH, IMOBIpHO,
CTIPUYMHEHO BipyCHUMU TaToreHamu (puc. 2).
Ha mrogax pocaun poauau Cucurbitaceae,
ypaskeHUX Bipycamu, CIIOCTEPITAETHCS YiTKO
BUpasKeHa JeKoJopu3aris ta crabka medop-
Mallig. YpaxeHi POCIMHU 3a3BUYail MIPOJLY-
KYIOTh MEHIITY KiJIbKiCTh HACiHHS, IKe MO-
ke Oyt J1eOpPMOBaHNUM, a YTBOPEHI TLIOIH
XapaKTepU3yIOThCsI TOHKOIO IIKiPOYKOIO.

6

Puc. 1. CumnTomMu BipycHOI eTioJIoTii Ha OBOYEBUX KYJIBTYPax:
a — TeMHO-3eJIeHa TPYKUIIKOBA MO3aika Ha JIMCTKOBIH tiactunii Cucumis satious L.; 6 — 5K0BTO-
3eJieHa MO3aiKa JIMCTKOBOI TVIACTHHKH Ta IMyXUpyacTe 3AyTTs Ha MKipIt miuony Cucumis sativus L.
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o

3eeHa
. umnn“

YHHHHKH BILTH BY

7KoBTo-3¢;1€HA
Mo3aika

Cuvmromu BipycHoi etioorii
inayroBani
Cucumber mosaic virus

TemHo-
3e1eHe

nyxupuacre

YacroTa mposiBy CHMITOMIB
H2a JIMCTKOBHX IIACTHHRAX
pocaun poannan Cucurbitaceae

’KoBTo-3eneHa mo3aika M Xnopo3 M [yxupuyacTi3pytta M Cmyry B3goBx xunok M HutkoBuaHa pepopmauia M IHwe

Puc. 2. YacToTa TpanaaHHsa CUMIITOMIB ypaKeHHS Ha JIMCTKOBUX IJIACTHHKAX Ta TLJI0/IaX
pocaun Cucurbitaceae inpyxosani Cucumber mosaic virus

Pesynbratu mokasanu, mo 62% pocianH
MaJIi BUJIMMI CUMIITOMH BipYCHOTO YpasKeH-
HsT, TOI siK 38% 3a/IUIIIAINCS 30BHI HEYIITKO-
JUKEHUMU, ajie MOTJIH Oy TH GE3CUMIITOMHUMHU
HOCIsIMU.

OTpuMaHi pe3yJbTaTh MiITBEP/KYIOTD,
1o BipycHa iHdexIlis He 3aBXK/AU MA€ BU-
JUMIi 1IPOSIBY, a YACTUHA YPaKeHUX POCJIUH
€ GescumnromMmHuMu Hocismu. Ileit dakr
YCKJIQJIHIOE CBOEYACHY JiarHOCTUKY Ta 6o-
poTely 3 BipycoMm, ajike JJIs TOBHOTO PO3Y-
MiHHSI €Ii1eMioJIoTiuHOl cuTyarlii HeoOXiTHO
BpPaxoByBaTU He JIUIIE KJIIHIYHI CUMIITOMH,
a i BIUIMB 30BHINTHIX YMHHUKIB. Tomy 110-
CITKeHHsT Y0 TOTTOBHEHO AHATI30M 3aJT€5K-
HOCTI IPOABY BipPYCHUX CUMIITOMIB BiJl yMOB
HaBKOJIUIIHBOTO cepepoBuila. s nosHo-
IIHHOTO aHAJMI3y eTiIeMioJIOTIYHOI CUTYyarlil
HeoOXIZHO BPaxOBYBaTH He JIUIIE BizyalbHi

MPOSBU, a W BIJIUB 30BHINIHIX €KOJOTTUHUX
YMHHUKIB. 3 1[i€0 MeTo0 OyJIO MPOBELEHO
OIIIHKY 3aJIe’KHOCTI BUPaKEHOCTI BiPYCHUX
CUMIITOMIB BiJl yMOB BUPOIILyBaHHs 32 JIOTI0-
MOTO10 KoeillieHTa eKOJIOTIYHOI 3a/Ie3KHOCTI,
SAKUI BKJIIOYA€E TeMIlepaTypy, BOJIOTICTD 1 Ha-
SIBHICTDH CyNyTHIX 1H(DEKIi. Y pocipKeHH
cepeHsT BUPakKeHICTh CUMIITOMIB, OI[iHEHA 32
IITKAJIOI0 iIHTEHCUBHOCTI MPOSBIB (HATIPUKJIAS,
MO3aiKH, XJI0po3iB, iechopmaltiit), carasna 3,2,
[0 BKa3y€ Ha TIOMIPHUN piBeHb YpasKeHHsI.
[HTerpasbHMUI TOKA3HUK E€KOJIOTIYHUX YMOB,
pospaxoBanuii y aianazoni Big 0 go 1, no-
car sHayeHHs 0,75, 1m0 BigoOpaskae sHAUHMIA,
aje He MAaKCUMAJbHUN BILTMB TeMIIEPaTypH,
BOJIOTOCTI Ta CYIyTHIX iH(]eKIili Ha TTPOsIB
cumiTomis CMV (maban. 1).

CuMNITOMM ypakeHHS POCITUH MOXKYTb
MaTu pi3He MOXO/KeHHsd. ToMy mojasnbiii

Tabuuis 1. 3nauenns koedilieHTa eKOIOTTYHOI 3aJI€3KHOCTI Ta BUpa)eHnocri cumunromis CMV

Oburactnb InTerpampamit K, BHP??;?;?S\;;H?B;OMIB KOPI(Z:IEHC;’;S;%&M;HEL)
TTonTaBcbka 0,81 3,6 0,5 0,89
Binnumpka 0,78 34%0,6 0,87
Kuiscbka 0,76 3,3+0,5 0,91
Yepracbka 0,77 3,3+0,7 0,85
Kiposorpancpka 0,74 3,1+0,6 0,88
JKuromupcebka 0,71 2,9+0,5 0,83
JIbBiBChKa 0,68 27+0,6 0,86
Cepene 0,75 £ 0,04 3,2+0,6 0,87 (p <0,001)
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m CMV

VpaskeHHs1 pocJnH, %
[
W

2021 p. 2022 p.

M [nuwi BipycHi aHTurenn

2023 p. 2024 p. 2025 p.

Puc. 3. Yacrora BusBienns BipycuHux anturenis IMA metozom

JTOCJTI/I;KEHHST 30CepeUINCs Ha CITelniaHii
IeTeKIN Bipycy, sie 6yJI0 BUKOPUCTAHO IMyHO-
bepmentrmit ananiz (IMA) (puc. 3).

Y 2021 p. CMV Gyuo igeHTdhikoBaHO B
21% npoaHasisoBaHUX 3Pas3KiB, 310paHuX 3
arpottenosis [TostaBcbkoi, Binauipkoi, Kuis-
cbkoi, Yepkacbkoi ta Ozecbkoi 06, [Jomi-
HAHTHUMU yPaKECHUMU KYJIBTYPAMU BUSBU-
Jics npeactaBauku poaunu Cucurbitaceae,
30KpeMa oripku, rapOysu, kabauku, IIyKiHi
ta auHi. Ili perionn xapakTepusyoTbcs Ie-
PEBAKHO YOPHO3EMHUMU I'PYHTAMU 3 BUCO-
KUM BMicToM opranigHoro ByrJero (SOC no
2,5-3,2% y BepXHBOMY IITapi), 1o 3abe3neuye
ONTUMAJIbHI YMOBU JIJIsI 3DOCTAHHS KYJIBTYD,
ajie BOJIHOYAC cripusic (hOPMYBaHHIO I'YCTUX
MOCiBiB, TOJIETTIYIOUN TPAHCMICiI0 BIipycCy.
Anasiz norogHo-kiaiMaTHuYHUX yMOB 2021 p.
BKa3y€ Ha TOMipHe MOTeIJIiHHS (cepe/HbO-
piuna remmeparypa #a 0,5—1,0°C Buite Hop-
MU B LEHTPaJIbHUX 00JIacTIX), HOEIHAHO
3 MJIBUTIIEHOTO BOJIOTICTIO HABECHI Ta BIITKY
(anomautii onaznis +10-15% y Iloarascobkiii
Ta BiHHMIBKIH 00JL.), 10 CTUMYJIIOBAJIO aK-
TUBHE PO3MHOKEHHS MONeIUIh — MePBUH-
HUX BeKTOpiB CMV. Y TpyHTax i3 BUCOKOTO
poarouicTio, 4k yopHodemu [lonTaBmuuu Ta
BinHWMY4YmHYT, pOCIVHN JIEMOHCTPYIOTH IHTEH-
CUBHUU PICT, ajle 32 yMOB TEILJIOIO BOJIOIOIO
kaimaty (temmeparypa 20—-25°C, BigHOCHA
BoJtOTiCTh >60% ) TOIMYJIAIIii TTOTIETUITh 3POC-
TAOTh €KCITOHEHI[IHO, 3yMOBJIIOIOUN TTBU/I-
Ke IoIUpeHHs Bipycy. ToMmy, NoCisKeHHs
mokasaJio, mo CMYV 3Ha4HO TIOMIUPUBCS B

arporieHosax Ykpainu y 2021 p., ocobiauso
B [TostaBebkiil Ta BinHuibkiii 06J1., 1€ BiH
YpasuB TePEeBAKHO TIPEJCTABHUKIB POMUHN
rapOysoBux. IIboMy CIPUSIN BiAIOBIAHI KJIi-
MaTHYHI YMOBH, 30KpeMa TellJia Ta BOJOTA
MOTO/1a, 10 3YMOBHJIO 3HAYHE 3POCTAHHS T10-
MTYJISATII TTOTIeTUITh, OCHOBHUX TTEPEHOCHUKIB
Bipycy (maban. 2).

Y 2022 p. B Ykpaini crmocrepirangocs
3HMKEHHS nonmperocti CMV nopiBHSTHO 3
2021 p., 10 YaCTKOBO TTOSICHIOETLCST BIIPOBa-
JUKEHHSIM arpoTexHiuHuX 3axofis. Y 2023 p.
BCTAHOBJIEHO HasBHICTh aHTUTeHIB CMV 'y
20% mepeBipeHnx 3paskis. Ypaskeni CMV poc-
auny ienTudikoBano y Binnunpkiii, [Tou-
TaBcbkiil, Kuiscobkiit Ta PiBHEHCBKIN 00T,
Ha TIpeJicTaBHUKax poaunu Cucurbitaceae —
30KpeMa Ha Kabaukax, oripkax Ta rapOysax.
Oxpim TOTO, HA 3MEHTIIEHHST KIJIbKOCTI ypaske-
HUX POCJIVH BIUIMHYJIN KIAIMATAYHI YTHHUKH:
cyXile JITo B [eHTPaIbHUX 00IaCTSIX IPUIHi-
YyBaJI0 PO3MHOKEHHS MTOTTETUITh — OCHOBHHX
TIePeHOCHNKIB BipycCy.

¥ 2024 p. 3apeecTpoBaHO Pi3Ke 3pOCTAHHS
piBHs iHdikyBanus CMV — no 40% obcre-
JKEHMX 3Pa3KiB, i3 PO3MMPEHHSIM apeary Ha
arpoitenosu JKuromupcbkoi, [ToaraBebkoi,
Kuiscbkoi, JIbBiBebKoi, Binuuiibkoi, PiBHeH-
cpkoi, Yepkacbkoi, Onecbkoi Ta KipoBorpas-
cbKol 0641, (maéa. 3).

[le 3arocTpeHHs €Mi300TUYHOI CUTYAITII,
HMOBIpHO, 00YMOBJIEHA PEKOPHUM TJI00Ab-
HUM TtoTertinustM (anomastist +1,55°C, 3 JiT-
HbOI0 aHomautiero +5,96°C y Cximniit €sporri,

198

AGROECOLOGICAL JOURNAL -« No. 4 - 2025



JIMHAMIRA MMTOHIUPEHHA CUCUMBER MOSAIC VIRUS B AI'POIIEHO3AX OBOYEBUX RYJIbTYP...

Tabuuus 2. omupenust Cucumber mosaic virus (CMV) B arpoueno3sax Yipainu B 2021 p.
3a 1annuMu imynodepmentroro ananizy (IDA)

= & I A -
E A S E ﬁn@ Anomautist HOMaIL
22| 22 |Indikosanicts, | gm0 o cv, o | 2 & 7| temmepary- | OTAAB
ObmacTb 2o 20|, 95% 1 (%) | SOC, % | £ &4 . BecHa—
ER| 25| WMESD) % 5 £ | pusignoc- | o604
gl 8E 222 nouopmu | MY
= 3 X (%)
TTonraBcoka | 180 | 52 | 28,89 £ 3,41 | 25,5-32,3 | 11,8 | 3,0-3,2| 98 |+0,8..+1,0 | +12..+15
Binnumpka 165 | 45 | 27,27 £347 | 23,8-30,7 | 12,7 | 28-3,1| 9,5 |+0,7..+0,9 | +10..+14
Kwuiscpka 140 | 22 | 15,71 £3,07 | 12,6-188 | 19,5 [2,5-28 | 9,2 | +0,6..+0,8 | +5..+8
Yepkacbka 125 | 16 | 1280297 | 9,8-158 |232|2,7-3,0| 9,6 |+0,5.+0,7| +7..+10
Onecbka 10| 9 8,18+2,61 | 56-10,8 | 319 (22-26| 11,2 | +0,4..+0,6 | +3..+6
Pazom 720 | 144 | 20,00 + 7,51 | 18,5-21,5 | 37,6 | 2,5-3,2 — — —

IIpumimru: 95% JI1 — 95% posipunii inrepsas (po3paxoBanuii 3a MeTo[0M BisicoHa juist GiHOMiaabHOTO PO3-

noztisty); CV — koedimient Bapiamii (%).

Tabsmng 3. Moumpenns: Cucumber mosaic virus (CMV) B arpouenosax Ykpainu B 2024 p.
3a annMu imynogdepmentroro ananizy (IDA)

<
Obnactb 2 i E % I‘;¢1KM0T};BTB’ 95% I C(;/V’ SOC, % % %« | parypu BecHa—

.5 & § =R (M + 5D) ° § E § BiziHocHO | Jrito 2021
= g eS| mopuu (%)
[lontaBchka 195 | 92 | 47,18 £3,58 |43,6-50,8 | 7,6 [ 29-32 | 11,1 +1,8 +14
Binnumnpka 210 | 97 | 46,19 = 3,44 | 42,7-49,7| 7,4 | 2,7-3,1 | 10,8 +1,7 +15
Kiposorpanceka | 180 | 81 | 45,00 = 3,71 | 41,3-48,7| 8,2 | 2,6-3,0 | 11,4 +1,9 +12
Yepracbka 175 | 76 | 43,43 +£3,76 |39,7-47,2| 8,7 | 2,8-3,1| 10,9 +1,6 +13
KuiBcbka 190 | 80 | 42,11 +3,58 [38,5-45,7| 8,5 |2,4-28| 10,3 +1,5 +11
JKurommpcrpka 165 | 64 | 38,79 £3,79 | 35,0-426| 9,8 | 1,6-2,0| 9,8 +1,6 +18
PiBHencbKa 150 | 57 | 38,00 3,96 |34,0-42,010,4|1,4-1,9| 9,6 +1,7 +20
JIbBiBChKA 160 | 56 | 35,00 +3,77 [31,2-388 (10,8 1,5-2,1 | 94 +1,8 +22
Omnecpka 170 | 52 | 30,59 +3,53 | 27,1-34,1 [11,5]| 2,0-2,5| 12,6 +1,4 +8

Paszom 1555 | 655 | 42,12 + 6,31 | 40,7-43,6 15,0 | 1,4-32 | - Ciﬂ‘fg;‘“ +8..4+22

IHpumimxu: 95% 1 — 95% poipumii intepsa (pospaxoBanuii 3a MeTog0M Biscona st 6GiHOMiaJIbHOTO PO3-

noztisty); CV — koeditient Bapiarii (%).

BKJIIOYAI0YM YKPAiHy ), 1[0 CTBOPUJIO 1/1€asTbHi
YMOBU 751 TipoJtichepartii MOTeTUIh: TTi/[BU-
mrena temmeparypa (22—-28°C) i BosoricTb
(anomauii +10—15% onaniB y 1menTpasbHuX
i 3aximHUX 06JaCTAX) CTUMYJIIOBAJIM IXHIO
MOOUIBHICTD 1 PENPOAYKTUBHUIA TIOTEHITiA.
¥ perionax i3 wopnozemamu (ITosraBchbka,
Bimnunpka, Yepkacbka, KipoBorpaacbka

06.1.; SOC 1,8-3,2%), naui pomioui rpyHTn
MATPUMYBAJIN BUCOKY GioMacy poCivH, mo-
JIETHIYIOYM KOHTAKTHY TPAHCMICIIO, TOAl K y
niBHivHKX 1 3axigaux obaactsax (PKuromup-
cbKka, PiBHeHCbhKa, JIbBIBChKA — Ii/I30JIMCTI
ta cipi micosi rpyutu; SOC 1,0-2,0%), me
MEHIIIA POIOYICTh MOTJIA CIIPUYUHSITU CTPEC
y poc/IuH (HAPHUKJIAL, Yepe3 HIKIY BOJIOTO-
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3aTPUMKY ), IT/IBUIILYIOUH IXHIO CIIPUHHATIIN-
BicTh fo iHdekii. HemoctatHs eheKTUBHICTD
610JIOTIYHOrO KOHTPOJIIO, OEAHAHA 3 KJIiMa-
TUYHUMHU YUHHIKAMH, [AKPECIIOE PoJIb abio-
TUYHUX CTPECOPIB y AWHAMIII TTONTUPEHHS.
Tax, y 2024 p. BiaGysiocst 3HaUHE 3POCTAHHS
indikyBanusgs CMV B Ykpaiui, 1110 OXOTUJIO
MIUPINUI CHEKTP KYJBTYp Ta perioHis. Ila
cutyailist 6yJia CIpUYNHEHa HaJA3BUYANHO
TEIJINM 1 BOJIOTUM JITOM, SIK€ CTBOPUJIO i7ie-
QJIbHI YMOBH [IJIsI MAaCOBOTO PO3MHOKEHHS
Ta TTONIMPEHHS TOTIEJIUIb — OCHOBHUX TIepe-
HOCHUKIB Bipycy. Kpim Toro, cTpecoBi ymMoBU
JUIST POCJIMH Y MEHIIT POJI0UMX I'PyHTAX MO-
riu 301TBIIUTH IXHIO CIIPUHHSATIUBICTD 10
ingexirii.

KuimMatuani ymosu 2025 p. xapakrepu-
3yBaJIMCsT MPOJOBKEHHSIM TJI06ATBHOTO TI0-
Terinasg (aHOMaJIis Cepe/;lHbOPIUHOI TeM-
neparypu +1,6—1,8°C nopiBHsHO 3 KiiMa-
TUIHOIO HOPMOIO), 10, IMOBIPHO, CIIPUSLIO
MiITPUMAHHIO BUCOKOI aKTUBHOCTI TIOTIEJIUIb.
VY JIbBiBebKiit i PiBHEHCBKIN 001, 1€ 11epe-
B)KAIOThH Cipi JIICOBI Ta JIEPHOBO-TII/I30JIMCTI
rpyutu (SOC=1,0-2,0%), Menia poaiodictb
i Buma kucsaoruicts (pH 5,5-6,5) ta migBu-
mena BoJoTicTh (aHoMmarii omamis +8—12%
Y BEeCHSHO-JIITHI TIE€Pio/i, Bi/[HOCHA BOJIOTICTh
65-75%) chopmyBasna CIPUSTINBI yMOBU
JUIst TIpostichepaltii Momnesuih, SIKi OITUMab-
HO PO3MHOKYIOThCS 3a Temiepatyp 20—26°C
i Bosorocti >60%. To6To, y 2025 p. rmobans-
He HOTeIUIIHHSA Ta [ifBUlleHa BOJIOTICTb Y
3axifHuX perioHax YKpaiHu CTBOPUJIM ijie-
aJIbHI YMOBM JIJISI PO3MHOKEHHST OCHOBHUX
neperocHukis CMV. JlogatkoBo, ¢iziosioriu-
HUI cTpec POCJNH, CHPUYMHEHUN MEHIIOI0
POJIOYICTIO IPYHTIB y IIUX 00JACTAX, 3HUZKB
iXHIO CTIHKiCTb 10 iH(EKILii, 1[0 CIIPUSLIO 10~
HTUPEHHIO BipyCYy.

Y neHTpasbHUX i MiBAEHHUX perioHax
(Yepxracpka, Binauipka, [lostascbka, Oe-
CbKa 00J1.) ZOMIHYIOTb YOPHO3EMU 3 BUCOKMM
BmictoM SOC=2,0-3,5%) i HeilTpasbHOIO
peakitiero rpyaTOBOTO po3unny (pH 6,8-7,2),
o 3a0e3reuye IHTEHCUBHUI PiCT KyJIbTyp.
OHak BUCOKa IIJbHICTD MOCIBIB Ha IUX
POMIOYUX TPYHTAX CIIPUYMHUIA KOHTAKTHY
TpaHCMiciio Bipycy, ocoOJMBO B yMOBax Te-
IJIOTO BOJIOTOTO KJIiMaTy (cepejHs TeMIie-

partypa qunus +24-27°C, anomasii omnasuis
+5-10% y Yeprachkiit i Binuuipkiit 06.1.).
B Opechkiit 001, /ie IPYHTH MAOTh HUKYHIA
BMmicT rymycy (SOC=1,8-2,5%) i 6inbIry 3a-
COJIEHICTb y TIBJIEHHUX pailoHaX, cTpec Bijl
nedinuty Bosoru (anomastii omanis —5% y
CEPITHI) MIT MOCUJIIOBATU CHPUUHSATIUBICTD
pocinH 10 CMV, KOMIIEHCYI0UUCh BUCOKOIO
AKTUBHICTIO BEKTOPIB y BOJIOTIIII IEPIOAH.

IMopiBusano 3 2024 p. (40% ypaskenHs),
3HIDKEHHS iHInaeHTHOCTI 10 31% y 2025 p.
Mozke OyTH TIOB’SI3aHO 3 JIOKAJbHUME arpo-
TEeXHIYHUMHU 3aX0JJaMU, TAKUMU SIK CIBO3MiHA
KYJIBTYDP 260 3aCTOCYBAHHST IHCEKTUTIMIIB TSI
KOHTPOJIIO TionyJisiiiit Aphididae (maban. 4).

Opnnak crtabiibHa IPUCYTHICTH BIpyCy B
PI3HUX TPYHTOBO-KJIMAaTUUYHUX 30HaX (Bif
MiZI30JTUCTUX TPYHTIB 3aXO0/Y /10 YOPHO3EMIB
LIEHTPY Ta MiB/JHA) ITJKPECTIOE HOTO BUCO-
Ky eKOJIOTIUHY IJIacTu4HicTh. [eorpadiuna
CTAJCTh YpaKEHHs B 3a3HAYEHUX 0OJIACTSIX,
MOKJNBO Bigobpazkae aganraiiio CMV 1o
ITUPOKOTO CIIEKTPa abiOTHYHNUX YMOB, BKJITIO-
Yalo4yW TeMIepaTypHi Ta BOJOTICHI Tpaji€H-
TH, & TAKOXK IPYHTOBI XapaKTePUCTUKHU, SKi
OTIOCEPEIKOBAHO BILIMBAIOTH Ha (i3ioJoriu-
HUH CTaH TOCMO/APiB 1 AMHAMIKY BEKTOPiB.
OTpumani eMIipuyHi IaHi 1JII0CTPYIOTh 3HAY-
Hy BapiabesbHicTh iHImaeHTHOCTI CMV'y nia-
masoni 19—-40% mpotsirom 2021-2025 pp., 1110
Y3TOKYETBCA 3 JIITepaTyPHUMU BiIOMOCTSI-
MU IIPO BUCOKY IJIACTUYHICTb BIpyCy /10 €KO-
JIOTIYHUX TPA/IIEHTIB.

BcranosisieHo 10CUTh CUJIBHY TTO3UTUBHY
kopeuaio (7=0,86) Mix cepeiHbOPIYHOTO
TEMIIEPATYPOIO Ta piBHeM ypaxkeHHsS CMYV,
10 BiIMOBifIa€ GiOJOTIUHUM OCOOIUBOCTIM
IIEPBUHHUX BEKTOPIB BipyCy — IIOIEJHUILDb,
SKi IEMOHCTPYIOTh ONTUMAJbHY PEMPOIYK-
TUBHY aKTHBHICTb 3a Temieparyp 20—-28°C
Y BECHSTHO-JIITHIN TTEepio/l.

[ligBumieHHs TeMIepaTypu CIpHUsi€ T0-
JIOB3KEHHIO aKTUBHOTO CE30HY TOIIEHILb, T10-
cuJTIotoun TpaHemiciio Bipycy. B 2024 p., koim
robaJbHA TeMITepaTypHa aHOMAJIisT csarajia
+1,55°C, a B Ykpaini (30kpema B KuiBchkiii
00611.) — +2,4°C, piBenb ypaxenus gocsr 40%.
Ile, #iMOBipHO, TTOB’SI3aHO AK i3 PO3MUPEH-
HSM Tepiofly aKTUBHOCTI BEKTOPIB, Tak i 3i
3HUIKEHHSIM PE3UCTEHTHOCTI POCJIMH Yepes
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Tabauig 4. Biuims noTensiiHas Ha ynceabHicTh nonesunb (Aphididae spp.)
B arpoleH03aX OBOYEBHX KYJIbTYp YKpaiHu

Anomanis Anomanist Cepenns 4ncenbHiCTh 3p00TaHH${_

Obactb Pik | remmeparypu, °C omna/lis nonlegnub HHCCIBHOCTI

(cepeanbopiuHa) | BecHa—JIiTO, % (eKX‘/ 4 SpDocn., HOPIBHHH%

+ SD) 3 HOPMOIO, %
Hostasenka 2024 +1,8 +14 285 + 45 +35
2025 +2,0 +16 320 = 52 +42
Bi 2024 +1,7 +15 270 = 42 +32
TP 2025 +1,9 +18 305 + 48 +38
Kuisenka 2024 +1,6 +12 240 = 38 +28
2025 +2,1 +15 280 *+ 46 +36
YepKachKa 2024 +1,9 +13 260 + 41 +30
P 2025 +2,2 +17 295 + 50 +40
o 2024 +1,4 +8 220 £ 35 +25
Arecora 2025 +1,6 +10 255 + 42 +31
Pasom (cepenre 2024 +1,7 +12 255 £ 40 +30
110 PErioHy) 2025 +1,96 +15 291 + 48 +37

Ipumimxuy: KOpeJsIis YNCeIbHOCTI HOMeNnIpb 3 anoMasieo Temuepatypu (rs=0,92; p<0,001); 3 omagamn
(rs=0,85; p=0,002). Pizrurst mizxk 2024 ta 2025 pp.: t-tect =4,72; p<0,0001 (3Hauyma).

TENJIOBUI CcTpec. ¥ KOHTEKCTI KIIMAaTUYHUX
3MiH, 1[0 XapaKTepu3yl0ThCs IIPOTPECHBHUM
norerutinasim Ha 0,2—0,5°C mopoxy B Ykpai-
Hi, 3pOCTA€ PU3UK TOCUJIEHHS €Mi300Til, 0CO-
6IMBO B perioHax i3 YOPHO3EMHUMHU IPYHTaMH
(ITonrasebka, Binnuipka 00.1.), 16 BUCOKUI
BMicT opranigroro Byrieitio (SOC >2%) 3a-
Gesredye TYCTOTY MOCIBiB, MOJETIITYIOYN O~
mupeHHs Bipycy (puc. 4).

29
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26

Temmeparypa, °C
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24

23
2021

2022

2023

Amnaiis emnizooroJsioriunol gunamiku Cu-
cumber mosaic virus (CMV) y nociBax rap-
6y30BUX KyIbTYp yrpomosxk 2021-2025 pp.
BUSIBUB BUPQKEHY 3aJI€KHICTh IHTEHCUBHOCTI
ypaskeHHsI BiJi KOMIUIEKCY abiOTHYHMX YMH-
HUKIB, cepell SIKUX MPOBIJIHY POJIb Bimirpae
TeMIepaTypPHUl PEKUM, OITOCEPETKOBAHUI
yepe3 BIUIMB HA OCHOBHUX BEKTOPIiB — Tiepe-
Baxuo Aphididae spp. Kinbkicua oninka 3a-
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Puc. 4. /lunamixa ypaxennst Cucumber mosaic virus (CMV) ta cepeiHbOPiUuHOT TEMITEPATYPH
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CBi/luMJIa BUCOKUU 1 CTATUCTUYHO 3HAYYIIIUI
koedimienT kopesii [lipcona (r=0,87-0,93;
p<0,01) Mixk cepeiHBOTOOOBOIO TEMIIEPATY-
pOIO TIOBITPS B 11epioj] Beretailii (TpaBeHb—
CepIIeHb) Ta YACTKOIO YPAKEHNUX POCJIIH.

MaxcumanabHe 3HAUEHHS IHITUIEHTHOCTI
CMV, mo caruyno 40,3% y 2024 p., 36irm0-
Cs 3 aHOMAJTbHO BUCOKMMU TeMIIepaTypaMu
(cepennbomicsuna 27,8-28,4°C y numHi),
SKi 1mepebyBajii B MeKaxX BEPXHbOI YaCTUHU
OTNITUMAJTLHOTO /11alTa30HY /IJIsI PO3MHOKEHHST
Ta MirpaiiifHoi akTUBHOCTI momenntrh (20—
28°C). 3a 11X yMOB CIIOCTEPIrain eKCIIOHEeH-
iajbHe 301IbIIEHHS YHCEJbHOCTI KPUIATHX
dopm BexTopis (10 1822 0co6./100 nactok
3a TUIK/IEHD ), 110 MTPSIMO KOPEJIOBAJIO 3 KpaT-
HicTIO BTOpuHHOTO iHOKY oMy CMV. Topi sk
3HIDKEeHHs ypaskeHts 10 19% 3a temmeparypu
25°C y 2022 p., iiMOBipHO, OYJI0 CIPUYMHEHO
MIPUTHIYEHHSIM aKTUBHOCTI IINX BEKTOPIB HA/I-
MIPHOIO CYXICTIO, IO THIKPECTIOE Bapiabesib-
HicTh ypaskerHs Ha 21%.

3arajioM, eMITipHYHa perpeciiiia Mojesb
(y=—-48,7+3,41x; R2=0,91) niaTBepaKye, mo
3pocranHs temrepatypu Ha 1—-2°C 3yMOBJIIOE
30isbIeHHsT ypaskeHHsT Ha 20% uepes aKkTu-
Barito BekTopis. Xoua y 2025 p. crocrepira-
€ThCsI TEH/IEHILisT 10 cTabiizalii (3MeHIeHHs
KOJINBAHb MTOKA3HUKIB), PU3UK PEIN/INBIB 3a-
JIUIIAETHCST BUCOKUM, TOMY JIJIst TapOy30BHX
KYJIETYP KPUTUYHO HEOOXi[He BIPOBAIKEHHS
KJTIMaT-a/IalTOBAaHNUX CTPATETiH, BKIOYAIOUN
BUKOPHUCTAHHS CTINKUX COPTIB Ta MOCUJIEHNH
MOHITOPUHT TOMYJIAIIN MOTETUIlb.

OpHax, cJii 3a3HaYUTH, 10 MPeACTaBIeH]
JIaHi € arperoBaHNMH 110 PeTiOHaX YOPHO3EMiB
LEHTPY Ta MiBAHSA YKpaiHu i He BPaXOBYIOThb
oTI0CePEeIKOBAHWI BILTUB OMAiB (JOTIiB, SKi
MOXKYTh 3MIHIOBATH BOJIOTICTh 1 aKTUBHICTD
MEPEHOCHUKIB) YW BMICTy OPraHiyHOTO BYT-
JIELI0 B IPYHTI. 3 OISy Ha 11e 0OMEsKEeHHS,
JI0JITATKOBUI aHAi3 BUSIBUB, IO iCHY€E HeTa-
TUBHA KOPEJIAIis MiK KIIBKICTIO OMA/IiB 1 T10-
nmmmpenictio CMV (r=-0,94), sika Bkasye Ha
Te, 10 HUKYWH PiBEHb OTa/liB ACOIIOETHCS 3
BUNIUM ypaKeHHsAM. Xoya IiIBUIIeHA BOJIO-
rictb noBitTpst (>60—-70%) cnpusiec po3MHO-
JKEHHIO TTOTIETUTIh, 3aTATBHUN PE;KUM OTIaIiB
BijoOpaskae CKJIaAHiIII eKOJIOTiYHi B3aEMO-
Jlil, BKJIfOYatoun repioan nocyxu. B 2024 p.

(506 MM omazis, anomaist —10—15% y 1ienT-
paJIbHUX perioHax) crocTepiraBcs TiK ypa-
xkenHst (40%), 10 MOKe OYTH CIIPUYUHEHO
CTPECOBUM BIJIUBOM /leillUTy BOJIOTH HA
pPOCIUHU, 0COONNBO B A30JUCTUX 1 CIpUX
JgicoBux rpynrax (Kutommpcoka, PiBHeH-
cbka 00.1.; SOC=1,2—1,3%). Hecraya BoJsioru
3HWKYE IMYHHY Bi/ITIOBI/Ib POCJWH, TiBU-
NIYIOUH iXHIO CIIPUHHATAUBICTD /10 iH(EKITii.
Harowmicts y 2022 p. (597 Mmm omaziiB) piBeHb
ypakenHs 6yB MiHiMambHIM (19%), 1110 MOsKe
MOSICHIOBATHCS MIPUTHIYEHHSIM MOOGIIBHOCTI
HOIIEeJIUIb YePe3 HAAMIPHY BOJOricTh abo
BUMUBAHHSM BipycHUX yacTok. [1i mani mis-
KpecJo0Th HeJTIHIHHNN XapakTep BIJIUBY
BOJIOTOCTI: OIITUMAJIbHUN [1aIla30H I BeK-
TOPIB € KPUTUUHO BAKIUBUM, TOJII STK OTIa/IN
BILIMBAIOTH OTIOCEPEIKOBAHO Yepe3 TPyHTO-
BY BOJIOTICTB 1 (hi3i0JIOTIYHUN CTaH POCIUH.
To6ro, Big'eMHa KOpeadilsa Mix KiJbKicTio
OIIa/IiB Ta [IOIIUPEHICTD BipyCy OripKOBOL MO-
3aiKU CBIIYUTH PO Te, 10 AeDIIUT BOJIOTH
MiIBUNILYE CIIPUHHATINBICTD POCJIUH /10 1H-
(exkitii, 110 poOUTB 1110 3a/IEKHICT KPUTUYHO
BAXXJIMBOIO [IJIs1 IPOTHO3YBAaHHA elijleMiil B
YMOBax KJIMaTHUYHUX 3MiH. Kopessaitis Mix
BMICTOM OPTaHIYHOTO BYTJIEIIO B TPYHTI Ta
yacroTa ypaxkerts CMV BusiBuiacs ciabKoIo
(r=0,06), o BKa3ye Ha BiJICYTHICTh 3HAUM-
MOTO JIHIITHOTO 3B’513KY (puc. 5).

OTxe, aHasIi3 B3a€MO3B I3KiB Mi’K IIOIIN-
PEHHSIM Bipycy OTipKOBOI MO3aiK# Ta eK0JIo-
TIYHUMHW YMHHUKAMU 3aCBITYUB TOMiHAHTHY
POJIb KJIIMATUYHUX YMHHUKIB, TO/I 9K IPYH-
TOBI TTapaMeTpy BUSIBUJINCI HE3HAUHUMU.
3okpema, 3adhikcoBaHO TOTYKHI KOPEJISIIIi:
MMO3UTUBHY 3 TEMIIEPATYPOIO, 1110 MOSICHIOE
MMOCUJIEHHS YPa’KeHHST 4epe3 CTUMYJISIII0
PO3MHOKEHHS TIOTIEJIUITh K OCHOBHUX TIe-
PEHOCHUKIB i/l Yac MOTeIJIiHHSA, Ta Hera-
TUBHY 3 OIaJlaMH, KA BKa3y€ Ha 3POCTaHHS
BPa3JIMBOCTI POCIWH yepe3 AediluT BOIOTH.
Kopesitist 3 BMiCTOM OpraHiuHOrO BYTJIEIIO
B IpyHTi («SOC») BUsiBUIACS c1abKo0 Ta
CTAaTUCTUYHO HEICTOTHOIO, a MK TeMIIepaTyp-
HUMM Ta ONAJI0BUMU YMTHHUKAMYU — CUJIBHOIO
HeraTuBHOW0. ToMy, KTiMaT (Temrmeparypa Ta
olla/in) [OCTA€ IOJIOBHUM PYIIIEM eIi300Tii
«CMV»> B Ykpaini, akTUBI3yl0OUl BEKTOPiB
i TPOBOKYTIOUM CTPEC POCJIWNH, HA TIPOTUBATY
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Puc. 5. Anasis B3aeMo3B’s13KiB Mizk ormupenictio Cucumber mosaic virus (CMV),
TeMIIepaTypolo, Olla/[aMK T2 BMiCTOM OPTaHiYHOTO BYTJIEIIO B TPYHTI

MiHiMasmpHOMY BIIHBY «SOC». BianosigHo,
crparerii npotujii «CMV» BapTo 30cepenutu
Ha KJIIMaTUYHO a/JalITOBAaHUX Ii/IX0/1aX, IK-OT
3aCTOCYBaHHS IHCEKTHUIN/IIB i BUPOIIyBaHHS
CTIIKUX COPTIB, 3 YpaXyBaHHAM TeHACHIIN
r106aTHHOTO TIOTETITIHHS.

Taxox oTprMaHi aHi CBiTYATh TIPO Te, MO
nunamika ronmpennss CMV B arpoekocucre-
MaX BHU3HAYAETHCS IIEPEBAXKHO KJIIMATUYHU-
MW YMHHUKAMU, 30KpeMa TeMIlepaTypoio Ta
PEXKUMOM ONaJiB, a He TUIIOM IPYHTY. Tomy;,
1151 e(heKTUBHOIO KOHTPOJIIO 11bOTO BipycCy B
YMOBaxX KJIIMATHYHUX 3MiH HeoOXimHa pos-
pobKa IHTerpoBaHKX CTPATEriii, IKi BpaxoBy-
BaTUMYTh sIK GioJIorito BekTOpa, Tak i (disio-
JIOTIYHUI CTaH POCIIUH.

BUCHOBKH

Ananiz garmx 3a 2021-2025 pp. miareep-
JIUB BUCOKY eMiZIeMiOJIOTIUHY IJIACTUYHICTD
Cucumber mosaic virus, 1O TPOSIBISIETHCS B
1oT0 amanTalii 10 3MiH KJIiMaTy B arpolleHo-
3ax Binnunpkoi, JKuromupcokoi, KuiBcbkoi,
Kiposorpaacskoi, JIpBiBcbKO1, IToamTaBchKO1
ta Yepkacbkoi 061, TTikoBUiT PiBeHDb ypasKeH-
s, mo cranoBus 40%, Oymo 3adikcoBaHo y
2024 p., 0 KOPEJIIOE 3 TMiABUIIECHHSIM TEM-

nepaTypu Ta iHTeHcU}iKaIien akTUBHOCTI
HOIYJISAIIN TIOIeJINIb, OCOOIMBO B arpoOeKo-
crucTeMax, PO3TalloOBAHUX HA YOPHO3EMHUX
rpynTax. PesyibsraTu Kopesaniiinoro anamuisy
3aCBIJIYNJIA CUJIBHUI TTO3UTUBHUU 3B 430K
MiXK cepeJHbOI0 TeMIIepaTypoio Ta IOIIN-
penictio Bipycy (r=0,86), Toni ax TpuBasi
nocyuinusi nepiogu (r=-0,94) aconiiona-
Jiics 31 3HUKEHHSIM PE3UCTEHTHOCTI POCTIH
710 BipycHOI iH(]eKIIii Yepe3 cTpecoBi YMOBH.
Kuiniuni nposiBu 3axBoproBatHst OyJIu 10JIi-
MOP(MHUMU: Bil THITOBOI MO3aiKH1 JINCTKIB JI0
nedopmarii maoxis, ogHak 38% iHdikoBa-
HUX POCIUH BUABUIUCI OE3CUMITOMHUMU
HOCISIMH, TIT0 TIKPECTIOE KPUTHIHY BaKITH-
BiCTb 3aCTOCYBAHHS MOJIEKYJISPHUX METO/IiB
JIaTHOCTUKU [IJId TOYHOTO MOHITOPUHTY Bi-
PYCHOTO HaBaHTaKEHHS. 3aCTOCYBAHHSI arpo-
TEeXHIYHUX 3aXO/IiB, SIK-OT POTAIlisl KyJBTYP,
YACTKOBO 3HU3WJIO 1HIIUIEHTHICTD 3aXBOPIO-
Banus 10 31% y 2025 p. Ile cBigunth mpo
Te, IO IS IOCSITHEHHs e(heKTUBHOTO KOHT-
poso Hag CMV neobxigni MyasTidarTopHi
IHTEerpoBaHi MiXOH, IO MOEAHYIOTh MOHI-
TOPWHT KJIIMAaTUIHNX Ta TPYHTOBUX YMHHUKIB
i3 BIpOBaKeHHAM O10TEXHOJIOTIYHKX PillleHb
JUISI TIABUIIEHHST CTIHKOCT1 POCJINH.
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Ilpogedeno nopieuanvnuil ananiz Hopmamuenux 6a3 ma mMemooux OUiHKU MpPaKmopie
ma aemomobinie 3a ymoé azpoexonoeii ¢ Yxpaini ma €C (na npukaadi @PH). Ilokazarno
HEOOHO3HAYHICMb AePOeKO0N02IYHOI OYIHKU MINbKU HA OCHOBI NUMOMO20 MUCKY Y KOHMAKMI
wuHY 3 rpyHmom, wo peenramernmosano JCTY 4521:2006. 3oxkpema 3a 00HAKOBUX 3HAUEHD
NUMOMO20 MUCKY WUHU Oinbuloeo munopo3mipy (i 3a 6i0n0gioHo 0inbul020 HABAHMANCCHHS
Ha K0eco) CNPUHUHIOIOMb 3HAYHO OiAbULY 2AUOUHY ma nepumemp yujinoHenHs rpynmy. Jia-
nazoH 0OnYCMUMUX 3HAYEeHb NUMOMO20 MUCKY € 4-KpamHum i 3anedlcHUM He MinbKu i nip
DOKY [ 6I10n0GIOHUX 6apianmis winbHOCMI TPYHMY, aie maxoxc i 8i0 5 pigHie emicmy 60102uU.
Hopmamuesnuii incmpymenmapiii éusnaverHs wjiroHocmi ma emicmy oaoeu (in. JACTY)
nepedbauac mpueani 1a60pamopHi OUIHKU [ He 8paxo8ye po38UMOK 3acodieé onepamuenol
OUiHKU, W0 HaAOyau po3noscrodiceHts 6npodosxc ocmanuix 30—40 pokise. IIpobaemmnoro € i
OUIHKG KONICHUX mpaKmopie kaacy mseu 3 i euuie 3 pisHuMU Munopo3mipamu WuH nepeonsol
ma 3a0uboi oceil ma pi3HUM HABAHMANICEHHAM HA OCi, Wo Hadysaroms dedani 6inbu020 po3-
nogcroodcens. Po3easiHymo numanus UKOPUCMAHHA MeepooCcmi TPyHMY, w0 noe’s3ana 3
WiNbHICMIO Ma éMICMOoM 80102U, AK ONepamueHo20 NOKA3HUKA CMAHY TPYHMY ma YmMoYHEeHHs
DO3PAXYHKY NAOWI NAAMU KOHMAKMY WUH 3 ONOPHOIO nogepxHer. B ocrnogy incmpymenma-
Dilo oyiHKU 3anponoHOBAHO 3ACMOCYBAHHS N’€30eAeKMPUHHUX NeHempomMempia, 00HAK 3i
CMaHOapmu308aHUM KOHYCHUM HAKOHEYHUKOM Ni0 8U3HAYEHHs M. 36. «KOHYCHO20 [HOeKcy
CI» (cone index) ma npuiinamms ionogionoeo cmandapmy 1SO sk nayionanrvnoeo CTY,
Wo aKkmyanvbHo i 0as iHwux cgep disavnocmi. Onpaubosano nponos3uyii w000 po3eumxy i
0CyHacHeHHs 8i0N0BIOHOT HOPMAMUBHOT 6A3U A2POeK0A02IMHOI OUIHKU MAUMUHHO-MPAKMOPHUX
azpeeamis 3i 8paxy8aHHAM PO3BUMKY IHCMPYMEHMApilo ONepamuH020 OUIHIOBAHHS CMAHY
TPYHMY ma 3MiHU NAOWI NASMU KOHMAKMY WUH 3aAe)CHO 8i0 maepoocmi rpyHmy ma mucky
noeimps 6 WUHAX [ HABAHMANCEHHS HA OCI.

Karouogi caosa: mpaxmopu, agmomobini, yujinbHeHHsa rpyHmy, HopmamueHa 6asa, incmpy-
menmapiii OyiHKU, NUMOMULL MUCK, OHOBACHHS.

BCTVYII

DOL: https://doi.org/10.33730/2077-4893.4.2025.345463

ITpobGsieMa TiepeyIiIbHEHHST CLTbChKOTOC-
MIO/IAPCBKUX YTi/ib i3 POCTOM MPOYKTUBHOCTI,
a, BIZITIOBI/THO, 1 BaTW MaIIMHHO-TPAaKTOPHUX
arperaTiB Ta 30ibIIICHHS] HABAHTAKEHHS Y
KOHTAKTI IIMH 31 IPYHTOM 0COOJIMBO 3aTOCTPH-
Jlach i3 MMOYATKOM MacOBOTO BUKOPUCTaHHS
KOJTICHUX TpakTopiB kiacy 3,0—6,0 Ta Hamex-
HOTO MPHUYIIHOIO i HaBiCHOTO 0OJamHAHH.
3 mosiBoio 3a yaciB CPCP Bakkux TpakTopiB
T 150K Tta K 700/701 xmaciB 3—-5 y 1980-x

POKax Ta 3aB/SIKU Y4acTi yKPAIHCbKUX BUEHUX

© JI.B. Rpaiiung, I1.M. Cusyabka, 2025

(akan. B.B. Mensezes ta iH.) OyJio npuiiHaTO
Tpu fiepxkasai crangaptu (IOCT), mo BusHa-
YaJIu HOPMATUBHY 6a3y 1010 BUMOT Ta arpo-
€KOJIOTIYHO1 OI[iIHKW MaIlMHHO-TPaKTOPHUX
arperatis (MTA), mo y 20052008 pp. jsirim
B OCHOBY HarioHaipuux crangaptis JJCTY
[1-3]. Po3BuTOK BUMipiOBasbHOI TEXHIKU I
OTHKU (Hi3UKO-MEXaHIYHUX XaPaKTEPUCTUK
IPYHTY Ta JIOCJIJIKeHb Y 11iii cepi 3a ocTanHi
npakTudHo 40 pokiB 3 MOMeHTY (hopMyBaH-
g ux FOCT/CTY, a takox BifmosigHa
HopMmaruBHa rpakTuka y kpainax €C i CIITA
00yMOBJIIO€ HEOOXIAHICTD 1 €KBIBAaJIEHTHOTO
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OHOBJIEHHS | BITYU3HAHOI HOPMATUBHOI 6asu,
aKTyaJIbHICTD SIKOI € 04eBHIHOIO [4; 5.

MeTo10 bOT0 JOCTIIKEHHS — OOTPYHTY-
BaTU Ta MPOAHATI3YyBaTU CYyYaCHI METOAUKHU
arpoekosioriunoi ominku MTA B €C i CIIIA,
a TaKO:K OTPAITIOBATHU MPOTIO3UTIil TIOI0 OTIe-
PATUBHOTO OIIHIOBAHHS OHOBJIEHHS BITUM3-
HSIHOI HOPMATUBHOI HGa3u.

AHAJII3 OCTAHHIX TOCIIIZKEHb
I IYBJIIKALIIN

Peastii po3BUTKY 3yMOBJIIOIOTH HEOOXijI-
HICTh OHOBJIEHHS HOPMATHBHOI 6asu II0L0
JIeKiTbKOX acriekTiB. Hacamrepes 1e crocy-
€THCST BUKJIIOYHOTO BUKOPUCTAHHS THTOMOTO
THUCKY Y KOHTAKTi IIMHU 3 TPYHTOM, SIK €THHO-
TO TTOKA3HUKA arpOEKOJIOTIUHOCTI KOHCTPYK-
miid. Jlocmizkennsa B €Bporri 1me 3 TOYaTKy
1950-x pokis (1ipod. W. Soehne) 3acsiauniu,
1[0 32 OJIHAKOBOTO 3HAYEHHSI TUTOMOTO TUCKY
B KOHTAKTI — TIMOMHA 1 IIMPUHA PO3IIOBCIO-
JukeHHst echopmaitii rpyHTy (T. 3B. «IPYIIIi»)
ICTOTHO PIi3HSTHCS 3aJI€5KHO Bi/l HABAaHTaKEH-
Hs Ha KOJIecO Ta BiINIOBIZIHOTO TUTIOPO3MIpy
wmHu (puc. 1) [6]. 3a cyuacHoro 36ijblieHHs

HaBaHTAKEHHS Ha KOJIeCo /10 3-X 1 OiJIblie TOHH
ribuHa gedopMaliii IpyHTy tepesuirye 1 M,
mupuHa «rpyiii» — noazx 0,7 m (Dr. LH. Bol-
ling) [7]. BiamosigHo 3a 04HAKOBOIO 3HAYEH-
H$ IIMTOMOTO TUCKY Y KOHTAKTi 3 IPYHTOM, aJjie
PI3HUX HaBAaHTAKEHHSIX 1 BIIMOBITHO PI3HUX
TUIIOPO3Mipax KoJic, 06’em pedopmarii —
VIIJIbHEHHS IPYHTY OyJie iCTOTHO BiipisHsi-
THUCS, 0 HE JIA€ MiJICTAaBU TPAKTYBATH BEJTH-
YUHY [TUTOMOTO TUCKY Yy KOHTAKTI 9K €1MHO-
IO 1 KOMIJIEKCHOT'O [TOKa3HUKA YIIiJIbHEHHS
rpyuTy. Ile miaTBep/Ky€ETHCS I iICHYIOYOIO
MPAKTUKOIO arpoekosioriunoi ominku MTA B
€C (J. Brunotte, R. Brandhuber) [8; 9 Ta in.].
Oxkpim TOTO, BOHA HAa3y€ETHCS HA OTIEPATUBHII
otinii ($i3MKo-MexXaHIYHUX XapPaKTePUCTUK
I'PYHTY 3a JIOIIOMOI'0I0 CyYaCHMX IIPUJIAJIiB
BUMIPIOBAHHS, Y TOI 4ac sK BITYM3HAHA HOP-
MmaTuBHa 6asa [1-3] aus 1Box mip poky (Bec-
Ha, OCiHb/JIITO) 1 BIAITIOBI/THO PiI3HUX 3HAUEHD
LI1JILHOCTI IPYHTY BU3HAYAE JOIYCTUMI 3Ha-
YEHHS TUTOMOTO TUCKY Y IOCUTD IIHPOKOMY
miamaszoni Big 40 mo 210 xIla s 5 piBHIB
BMiCTy BOJIOTM 1 4 piBHIB MIiIbHOCTI IPyH-
Ty, OI[IHKA YOTO I'PYHTYETHCSI HOPMATHUBHO

nHn 7-24 AS 9-24 AS 11-28 AS 13-30 AS
HaBAHTAXKEHHSA 3,0 5,0 7,5 10,0
Koneca, kH | |
! ! |
! | i
I | | i
0 ; I
10 7/ TN 8 / 1w/l /) | \ / ! \N
20 -+ N/AN7INZAN/IANW AN/
- 04 08 7 08 Y
B IANAY. v N
\
A A RN TEN A BYA BN
\ . 7/ \P .
£ so——sgee” N : AN gz/ TN I / |
= ! \ I / \ " /'\ . I‘
> \ / \ | A Jy ]
S 60 2 01— X 1 —\ L i
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TPYHT HOPMaTbHOI WiINLHOCTI | 3BONOXKEHOCTI

Puc. 1. 3anexnicts naBanraxenns Ha rpyHT (kg/cm?) 3a 01HAKOBOTO TUCKY
y konTaxTi mau 3 OII Big posmipnocti mun (7-24S ...13-30S) ta Bixnosigmnoro
HaBaHTaxkeHHs Ha mrHY (3,0....10,0 kN) srigto 3 [6]
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(sriguo inmux JCTY) na sacobax i MmeTogax
BEJINKOTO MiPOIO TPY/ZOMICTKHUX 1 TPUBAINX.

MATEPIAJIN TA METOIH
JOCIIIXKEHD

B ocHoOBy moxksazieHo aHasi3 pPO3BUTKY
arpoeKOoJIOTIYHOI OIIHKK TEeXHIKM B YKpaiHi
Ta Kpainax €C, a TaKoK OI[IHIOBaHHS MOJK-
JINBOCTI BUKOPUCTAHHS TBEPIOCTI ITPYHTY SIK
6a30BOTO MOKA3HUKA CTaHY IPYHTY 3 YMOB
OIIEPATUBHOCTI €KCIIEPTU3HU Ta Cy4aCHOIO PO3-
BUTKY 3aC00iB BUMIiPIOBAIHHOI TEXHIKI.

PE3VJIBTATI
TA IX OBTOBOPEHHSA

CyuacHuil po3BUTOK 3aCO0iB OlepaTHBHOI
OIIHKYM XapaKTEePUCTUK TPYHTY JOKOPIHHO
3MIHIOE TPY/IOMICTKICTB 1 TPUBAJIICTD TIPOTIECY,
Jie IOMiHYBaJIu J1abopaTOPHi METO/IM, CKJIAIHI
JUIST 3aCTOCYBAHHS Y KOHKPETHUX TOCIO/Ap-
ctBax. HopmaTuBHa OITliHKA TTiITBHOCTI (METOT
Kaunncororo, ICTY 4745:2007) uu tBep-
nocti rpynty (TBepaomip Pessikina, [[CTY
5096:2008) 3a3Buuaii He BUKOPUCTOBYETHCS
B €C i CIIIA, ne BijyiaBHa, crioyarky y Biii-
cpkoBiif cepi [10; 11 Ta in.], a Hapasi Bxke 1y
BITIM3HAHUX MOCTIKCHHSIX Ta HA TPAKTUI
B arpapiiB [12] 1omMinyioTh 1ieHeTpOMeTpu 3
KOHYCHUMH YW IIWJTIHAPUIHUMI HAKOHEYHU-
Kam¥ 3rifHo 3i ctargapty SO [13] (mo peui,
HermonasHo yxasieHoro i B PM sk TOCT-P).
BiiacHe BUPOOHUIITBO MEHETPOMETPIB HaJla-
FOJKEHO BiKe 1 B YKpaiHi, Xoda gesiki BUpoO-
HUKU BU3HAYAIOTH 1X K MIIJIbHOMIP (0f1HU-
i BUMIpy ofiHaK y Kr/cm?), a hakTu4HO 1e
TBepaoMipu. KpiM TOro, 3 MEXaHiKU IPYHTIB
OYEBMIHWIT KOPEJIIiiiHIii 3B’130K 000X I1a-
pametpiB (puc. 2) [14; 15].

AXTyaTbHICTh BUKOPUCTAHHS TBEPIOCTI
IPYHTY, SIK OIEePAaTUBHOIO OI[IHOYHOIO TO-
KazHuKa (Pi3UKO-MEXaHIYHOTO CTaHy, MO
MPaKTUYHO TOB’SI3aHUI 31 BMiCTOM BOJIO-
ru, Busnaveno 1me B 2010 p. akax. YAAH
B.B. MeaBeneBum, ogHUM 3 OCHOBOIIOJIOMK-
HUKIB Cy4aCHOTO BITYM3HSIHOTO TPYHTO3HAB-
crBa [16]. [lo Toro x 3BepHYTO yBary i Ha
He/IOPEUHICTh BUKOPUCTAHHS JIJISI OIIHKH
TBepAocTi TBepaomipa Pessikina, 3akiame-
HOro 1 y BiTunsHaHy HopMaTuBHy Oasy [17],
yepes HEBIAMOBIAHICTD TTPOCTOPOBOI T€OMET-

pii i, BixnoigHo, onopy nedopmariii TpyHTy
peasisim B3aEMO/Iii 3 KOJIeCaMu,/TyCeHUTSIMHU
MTA, Ta TOiTBHICT CYyYaCHUX TIEHETPOMET-
piB 3 KOHycHUM HakoHedyHMKOM. OcTaHHi
yoke HaOyJIi PO3IOBCIOMKEHHSI Y BITYU3HSI-
HUX 7ocaipKeHHsx [ 18]. OmepaTuBHa o1iHKa
HIIJIBHOCTI TPYHTY € 3HAYHO CKJIAJHIIIOIO i,
SIK TIPaBUJIO, HE € TIPUB’S3aHOIO JI0 eMITipUY-
HUX 3aJIe)KHOCTEN OMopy pyXy Ta iHIMINX Xa-
PaKTEePUCTUK B3AEMOJIil KOJICHUX MAIUH i3
6e310pisKKAM. BpaxoByrouu, 110 BJIacHe Y
BilichbKOBi#l cepi 3HauHO Kpaiiie (MOPiBHIHO
3 arpapHUM YU JIiCOTOCHOJaPChKUM CEKTO-
paMu) OTpaIboOBaHO TEOPII0 PyXy KOJICHUX
i TyceHMUHMX MAINH 0e3MOPIKAKIM — T. 3B.
WES — mMeTonuKy iH:KeHEPHOTO KOPITYCY ap-
mii CIIIA, mo 6epe cBiii mouarok 3 1940-x
POKiIB 1 IIOKJIajzieHa B OCHOBY BIAIOBiAHUX
MeTO/IUK Ta ctanjaptiB He Tinbku B HATO,
asie il y GaraTbox 3apyOixkHux apwmiii [10; 11].
JIOTiYHO 1 B OCHOBY aHATI TUYHUX JIOCTI/IPKEHb
arpoekoJsioriunocti MTA apanrtyBatu Bij-
nmoBiaHi HampaifoBanHs. OIliHKa TBEPAOCTI
IPYHTY y Lill MeToaulli YiTKO perjaMeHTo-
BaHAa — reOMETPisi KOHYCHOTO HAKOHEYHUKA,
110 6JIM3bKa 10 KOMOIHAIT BEPTUKAILHOI Jie-
(hopmartii Ta 3cyBy TPyHTY, XapakTepHO /s
B32a€EMO/Ii1 KOJieca 3 OMOPHOIO MTOBEPXHEI0 —
Ta BIiZITIOBITHOTO MMOKAa3HUKA TBEPAOCTI, T. 3B.
konycHoro ingekcy CI (cone index), Ha 6asi
SIKOTO 1 OIPAIlbOBAHO KOMILJIEKC eMITIPUYHUX
3aJIeKHOCTEN, HeOOXIHUX [/l PO3PAXYHKY
Ta IMITAIifHOTO MO/IEJTIOBAHHS PYXY Ta B3a€E-
Mozii Koseca 3 Oe3gopixikaM (110 3aramzom

30+
20

10

Kr/cm2

0

_1 O T T T T T T 1
1,170 1,15 1,20 1,25 1,30 1,35 1,40 1,45
r/cm3

Puc. 2. 3anexnicts Mixk miibHicTiO (T/cM?) Ta
TBepaicTio (kr/cMm?) rpyHTy [14; 15]
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He IIPoaHai30BaHO TaK JIeTAaJbHO B arpapHiil
cchepi).

[l TpaKTUYHOTO BUKOPHUCTAHHS 1 OTIiH-
Ku jiepopMaltii/yiiJibHeHHS IPYHTY IEPIIO-
YeproBUM € BU3HAYEeHHS 10Tl (TIIsIMu)
kourtakty muuu 3 OTL. Y HopMaTuBHIl 6asi
[3] nmepenbaueno excrnepuMeHTaNbHE BCTa-
HOBJICHHS IIJIONI[I KOHTAKTY IIMHU 3 TBEP/LOIO
(6eTOHHOI0) OIOPHOIO MTOBEPXHEIO 31 301/1b-
mennsim y 1,6—1,1 pasa 3asexxHo Bij craTuy-
HOTO fliamMeTpy 1nH (Y 3BOPOTHIH TTpomnopitii
JI0 BEJIMYMHU KOJieca) Ta JOHABAHTAKEHHSIM
MacH TPaKTOPa Bi/IMOBIHO 10 MAKCUMAJIbHOI
BAHTAKOMIITMATbHOCTI MEXaHi3My HaBiCKU
a60 PO3PaxyHKOBOI MAaCH iMITYBaHHSI TATOBO-
IO 3yCHJLJISL, SIKIIO BOHA € GiJIbINOI0. 3BUYHO,
110 y peaslisX arpapHUX rocIolapCTB CKIIAHO
VSBUTH yCIO ITI0 IOCUTH TPYAOMICTKY TTpOIie-
NPy, 30KpeMa 3 PO3MIlIeHHIM JI0[aTKOBOTO
GaJracTy 110 OCi 3a/IHIX MIAPHIPIB HUIKHIX TAT
MexaHismy HaBicku. Boanouac nepoctatnbo
BPaXxOBYETHCS BaroMi YMHHUKU BILJIMBY Ha
(hopmyBaHHS IO KOHTAKTy — 3MiHA THUC-
Ky HOBITps B mMHaX (HeOOXigHa 10JaTKOBA
cepist 3aMipiB), pi3HUX CIIBBiIHONIEHD TIH-
puHU i BucoTH npodisio muH (pisHuii 06’'em
CTHCHYTOTO TIOBITPST), 3PENITOI0 TBEPAICTD
/BMICT BOJIOTH KOHKPETHOTO TUITYy IPYHTY.
Kpim Toro, 3a7Hs Bich KOJIICHOTO TPaKTOPa,
[0 MePEeBaKHO Ma€ Oiiblile HABAHTAKEHHST
i Ginmpmmii giameTp Kouic (30KpeMa y 3apy-
OIKHMX TpakTopax KjaciB 3—6), yacto € B
OJIHITT KOJi1 3 TIepeIHBOIO Biccto, 0 (opMyE
JI0ZIATKOBE YIIIJTbHEHHS IPYHTY, sIKe He Bpa-
xoBaHo y [3].

VY Hammx A0CHIDKEHHSIX HalO1IbIIn /10-
CKOHAJIOIO 1 ZIeTai30BaHOI0 PO3PaXyHKOBOIO
3JIEKHICTIO BU3HAYEHH TJIOIL IIJIIMU KOH-
TakTy (PO3BUTOK KJIACHYHOI ITPOCTINIOI cXe-
mu) € metoguka HTY «XTIII» [19]:

™
szzakbk’ (D

Jle a;, — BeJIMKa HaIliBBICh eJIifica — JTOBKIHA
IJISIMU KOHTAKTY; b, — MaJia IiBBiCh — MIUPU-
Ha TIJIIMU KOHTAKTY.

[Tepenycim (3a cTaTUCTUYHUMU JJAHUMU
IIMH) OCTaHHI MOKYTh OyTU BU3HAYEH] SK:

ay = o\ Df, = [
b, = 2,/2Rprﬂ /2, (2)

ne D — crarmunnii giamerp kojieca (6e3 Ha-
BaHTaKEHHsI); [, — NPOTUH HMIMHU TiJ Ji€r0
palialibHOTO HABaHTAKEHHS HA KOJIECO, BHY-
TPIIIHBOTO TUCKY TOBITPS B IIMHI Ta Bpaxy-
BaHHA 1€ 3-X MOCTINHUX IS JaHOI IMINHU
KoeDIienTiB; Ry, — munu; c3 — Koedirienr,
110 3aJIEKUTh BIJI PO3MIPY IIUHU Ta HOPMU
apyBaToCTi, e M0AATKOBO 4 eMITipuYHi
opmyau [19].

OpHak ciijg 3a3HaYUTU CKJIQAHICTh BU-
KOPUCTAHHS /IaHOI 3aJIeKHOCTI y TTPaKTHUII
arpapiiB, 30Kpema i MoTTyKy 3HaueHb 3-X eM-
MipuYHUX KOeilliEHTIB MO0 PI3HUX TUIIO-
PO3MIpIB IIUH, IO He HaJAlOThCsI BUPOOHU-
KaMU i BUMaraioTh OKPeMOi OIliHKM.

B eBpormelicbkiii TpakTUIll AOMIHYIOTb
MEHIIT CKJIAJIHI PO3PaXyHKOBI METO/IN BU3HA-
YeHHSsI TIJTONT TIJIIMU KOHTAKTY TITWH, 30KpeMa
Ha IPYHTOBUX MOBEPXHSIX, 110 /1e(hOPMYIOTHCSI.
[cToTHOIO BiZIMiHHICTTO € HacaMIIepes aKIeHT
Ha pafiiajgbHi MWHY, 110 MaJI0 JOCTiKyBa-
JIUCh HA TIOCTPA/ITHCHKUX TePeHax i Xapak-
TepHi JIeIOo iHIIo (GOPMOIO i MIOIIEI0 KOH-
TAKTY MOPIBHSHO 3 T IOHEIaBHA 3BUIHIMMU
miaronasbHuMU. BriM Ha 6asi posummpenux
MOJIBOBUX JIOCTI/[PKEHb OTpaIlboBaHi Kope-
JITIHHI 3aJI€KHOCTI, 110 BPaXOBYIOTh BILJINB
Ha TJIONLY TJISIMU KOHTAKTY IUHU 3 TPYHTOM
TUTIOPO3MIipy IIMH, HABaHTa)KEHHST Ha KoJie-
€O, a TaKOXX 3MIHY THUCKY TOBITPs B IIWHI.
Haiinommpenimoo (i yXBajeHOIO Y TIEBHUX
HOPMaTUBHUX PEKOMEH/IAIisX) € (opmyma
Dr. E. Diserens [20], mo cucTemaTtnzoBaHa sK
JUIST JliaroHasibHUX (TYT T. 3B. TPYHTOBI ), TaK i
JUTST palialTbHUX TIIWH, [0 Hapasi MpeBaiooTh
B aBTOMOOLJISIX i TPaKTOpax, Ta BPAXOBY€E BU-
1e3raJlaii YMHHUKYU BIIMBY HA OCHOBI eMITi-
PUYHO BU3HAUYEHUX KoeillieHTIB perpecii:

F, =(aBD)+(bp,)+(cG,), 3)

ne G, — naBantaxenus va muny (H); pp —
Tuck nositpst y muni (xIla, 6ap); a, b, ¢ —
UpUHA UHY (MM ); eMITipudHi KoeditienT
OI[IHKM B3aEMO3B’I3KY TIJIOIIII Ta, Bi/IITOBIHO,
TUTIOPO3MipY TIIWH, TUCKY TIOBITPS Y ITHAX Ta
HaBaHTa)KeHHS Ha Kosieco (mabn. 1).

3arasiom dopmya (3) IOMIHYE SIK Y HAY-
KOBUX JIOCTI/DKEHHSX 3 arpoexoJorii [21; 22
Ta if.], Tak i B OIliiHUX HOPMATUBHUX pe-
KOMeHaIigax [23].
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Tabuuis 1. 3nauenns koediieHTin
THUIOPO3Mipy HIMH N[00 IUIoNIi KOHTaKTy [20]

Tun e | a | b | c
TToBHOMIPODITBHI 0,260 | —205,944 | 0,566
Husbkomnpodimnbui | 0,416 | —457,670 | 0,186
I'pynrosi 0,420 | -1120,680 | 0,370
Inmi, nesusnaveni | 0,428 | —650,215 | 0,221

Kpim ToT0, y HU3II AOCTiKEHh TTOYHHA-
I0Th BUKOPUCTOBYBaTH 1 Gesrocepentiii 3amip
IO KOHTAKTy nudpoBuMu (oTokamepa-
MU 3 PO3PaXyHKOM ILION Y BOYIOBaHOMY
nporpamHomy 3abesnederni Software Adobe
Photoshop (7.0) [24].

OHaK 1151 poIieypa I0CUTh TPYJIOMicTKa
(3aisx TpakTOpa/aBTOMOOLIA Ha II0JIE 1 BU-
BA)KYBAHHS Ta OIyCKAaHHS KOJIIC HAJ IiJIb-
HUM TPYHTOM, 3aCTOCYBaHHS KOHTPACTHOTO
GapBHMKA Ha IIUHI, AyOIIOBaHHS AOCTIIB),
yTiM (haKTUYHO TPUBUMIPHY, 00’ €MHY ILIOILY
MJISIMA KOHTAKTY 3a YTBOPEHHS KOTii GoTo-
anapat (ikCy€e y JBOMIpHIill TIJIONUHI Ta BiJl-
MOBITHY TIJIOTITY.

PospaxyHok cepenuboro e(heKTHBHOTO
THUCKY Yy KOHTAKTi ITUHU 3 TPYHTOM, K T10-
kasauka BBy MTA 3 ymMoB arpoekoJiorii,
TaKOX BIIPI3HAETBCA Bijl yXBaJIeHOIO 3 4aciB
CPCP y Bitunsusaniii npakrui [3] i 6asyers-
csa Ha popmysi Newmark-Sohne [25; 26]:

ok

8, = 6,11/ [(r/z)2+1 L)

e 8, — TUCK Ge310cepenbo Y KOHTAKTI IIMHI
3 OII, xIla; » — exBiBasIeHTHUI pajiiyc TLIO-
i kourtakty mmHu 3 OTI, cM; z — rubuHa
KOJIIT; vk — YMHHUK KOHIIEHTpaIlii. 3HaYeHH st
OCTaHHBOTO KOJIMBAETHCA Y JIiara3oHi BijL 2 /10
9 3ase;XHO Bijl THIY TPYHTY i BMiCTy BoJorn
31 3pOCTAaHHAM 3HAYEHHS JIJIT M SIKUX IPYHTIB
31 3MEHIIIEHHSIM PO3MOBCIO/PKEHHST THCKY B
rnbuHy (T. 3B. TPy Aedopmariii rpyHTy
i 3oH010 KoHTakTy nmau 3 OIT). Tlepesax-
HO vk=5 st M'IKMX TPYHTIB iIHTEHCUBHO-
ro 3eMy1e00pObITKY, vk =4 st TBEpPAINIOro
IPYHTY 3 MEHIIOIO IHTEHCUBHICTIO 0OPOOITKY.
OueBUIHO, 1O JOCUTh CYyO’E€KTHUBHA OIliHKA

vk Ta HEOOXIAHICTD JOAATKOBOIO PO3PAXYHKY
rIMOUHM KOJIii z 1 eKBiBaJIeHTHOTrO pajiyca
ILJIIMU KOHTAKTY 7 (1110 BiZIpi3HAETbCA Bift cTa-
TUYHOTO pajiiyca KoJieca) He € CIPUSATIMBUMU
YUHHUKAMM /IS IPAKTHYHOTO BUKOPUCTAHHS
arpapissmu.

Kpim Toro, MoxxHa KOHCTaTyBaTH, IO
BJacHe Bupasu (3, 4) MoKIa/ieHi B OCHOBY
Hal6inb posnosciopxkenol 8 €C meroan-
KU ONepaTUBHOI arpoeKOJOTiYHOI OIIHKHU
Bukopuctanass MTA B arpapHomy cekTopi
6e3mpobIEMHIM TOCTYIIOM 710 BiAMOBiAHOT
koMt orepusoBanoi mporpamu TASC [25;
26] B IaTepHeT-Mepexi Ta MOCUIAHHIM HA
Hel y 6arathox oMiriiiHuX pekoMeHaaIisx
BiJIOMYUX OPTaHiB Jiep>KaBHOI BJiaju [8 Ta
in.]. TmubuHa KoJIii, 1o HeoOXiAHO 3aMipsaTH
JUISL arpoeKOoJIOriuHOl OLIHKY, Y JaHOMY BU-
MAJIKy € HAHTIPOCTINIOIO MTpoIieypoio (1opis-
HAHO 3 BU3HAYEHHSM IIIJIbHOCTI, BOJIOTOCTI
3rizao 3 [1] um TBepaocTi, sk y WES-me-
toputti [10; 11]). [IlonpaBna BoHo BuMarae
BUI3/Ly TEXHIKM GE3MOCEPETHBO HA KOHKPETHE
moJie, OI[iHKA CTaHy TPYHTY Ha IijicTaBi 3a-
Mipy TBEPAOCTI IEHETPOMETPOM — KOHYCHUI
inmexc CI € mpocTitmoro.

¥ metomuii HATO — WES inskenepnoro
kopuycy apmii CIIIA 6esnocepente BUsiB-
JIEHHS TIJIIMU BIiJICYTHE, ajie BOHO Girypye
3a BU3HAUEHHS TTOKa3HUKA MTPOXiAHOCTI T. 3B.
ingexcy/nomepy mobinpnocti MN (anri —
mobility number) BilicbkoBOI aBTOTEXHIKM
11T KOHKPETHUH CTaH I'PYHTY, 1O OIlIHIOETHCS
nokazHukom TBepaocti CI ta TUIopo3Mipom
mH 1 HaBaHTaxkeHHam [10; 11]:

1
b

1+ 2d
ne ClI — 3HaueHHST KOHYCHOTO 1HJIEKCY IJIs
nanoi nmosepxHi, kIla; G, — Bara aBroMo0iist/
Tpaktopa, kH; § — nedopmanist munum iz
MMOBHUM HOMIHAQJIbHUM HAaBaHTAKEHHSIM Ha
TBEPAIN OMOPHIN MoBepxHi, M; d — miameTp
KoJieca i3 muHOoI0, 6e3 HaBaHTaXKEHHS, M;
b — mupuWHA MUHA y 30HI TPOTEKTOPA, M;
h — BHUCOTA IIWHA, M.

[IpakTuyuno y (5) BpaxoBaHO SIK TBEPICTD
rpynry CI, Tak HaBaHTa)KeHHSI Ta TUTIOPO3MIp

MN WES —

05
CIxbxd [6] 5)

X|—
G h

a
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i medpopmanist muH — TOOTO BECh KOMILIEKC
YUHHUKIB, 1110 (hopMyIoTh fedopmartio — mm-
tomuii THCK Ha TPYHT. OnHaK (J) B icHYI0UOMY
BUTJISA/II OTpaIlbOBaHa IIiJ] 3BUYHY BiliCbKOBY
ABTOTEXHIKY — 3 OJJHOTHUIIHOIO OJJHOCKATHOIO
OTIIMHOBKOIO BCIX Ocell Ta MPaKTUYHO PiBHO-
MipHUM PO3IOiJIOM HAaBAHTAKEHHS 110 OCSIX.
He BpaxoByeTbest i eekT AOyIIiTbHEHHS B
KOJIi1 32 TIPOI3/ly HACTYIHUX TiCJ TeprIol
oceit, o Takox € icroraum [10; 11]. Okpim
ysKe 3BUYHUX TUTIOPO3MIpIiB KOJIiC TIePeHbO1
Ta 3a/IHBOT OCelt HaraThOX CyJaCHUX KOJTICHUX
TpakTopiB kjacy Tsaru 3..6 (a BiAnoBigHO i
PI3HUX HaBaHTaXXeHb Ta jeopMaIliii TpyHTY
3 BpaxXyBaHHSIM TOCJIIJIOBHOCTI JIi1) B arpap-
Hill cdepi HeoOXiJHO BpaxoByBaTH i peasii
ICTOTHOTO JIOHABAaHTAKEHHS 3a/{HHOI OCi Bij
HaBICHOTO YW TPUYIITHOTO TE€XHOJOTIYHOTO
obnagmanusg [3—5]. OgHak BracHe el KoMIi-
JIEKCHU TT1/IX1/1 3B€/IEHHS OIliHK! YIIiJTbHEH-
HS TPYHTY TiJI KOHKPETHE 3HAYEHHS HOTO
TBEPAOCTI HE3YMOBHO 3aC/IyTOBYE YBarH.

[IeBHUM YUMHOM Ile CTOCYETLCA 1 ITOKa3-
HUKA TOTEHIITHOI TTPOXiHOCTI BiliChKOBOI
ABTOTEXHIKU — T. 3B. €(DeKTUBHOTO TUCKY HA
omnopHy noBepxHio — MMP (anrs. — Mean
maximum pressure), o po3poOJeHIii HeHT-
POM HAyKOBO-IAOCIAHUX POOIT y cepi 036po-
ennst Besukoi bpuranii RARDE (anra. —
Royal Armament Research and Development
Establishment UK) [10; 11], mo o6paxoBy-
€TbCS SK:

kxG,

MMP = (6)

6 0,5’
]

2xnx b x "B x[

ne k —koediuieHt oceii (mabn. 2); n — Kijib-
KiCcTh Oceil; b — IMpUHA IUHKU Y 30HI MPO-

(ins mporexTopa; §/n — nuroma gedopmartis
ITTHA Ha HeZle)OPMOBaHil TBEPiil MOBEPXHi
(6/n=0,18 3a HOMIHAJIBHOTO TUCKY y IWHI
JIJTST HOMIHAQJIBHOI MacCH 1 IIIBUIKOCTI MACOBUX
aBTOMOOLIIB s 1oce, §/n=0,25 3a THCKY
70% Bi HOMIHAJILHOTO JIJIST TIOBHOTIPUBITHUX
[IO3ALIAXOBUKIB 13 MOBHOIO Macolo, 0,35 —
AHAJIOTIYHO 32 3MEHIIIEHHST TUCKY Y IITUHAX /10
30% Bi HOMIHATBHOTO).

[IpakTnuyHO MOKA3HUK MOTEHIIIHOI TPO-
xiziHocTi MMP, 1110 BUKOPUCTOBYETHCS y HOP-
MaTUBHIN 6a3i 6araThoX €BPONEHCHKII apMiil
HATO, y noexnanni 3 3amipamu TBep/0CTi
KOHKPETHOTO I'PYHTY /Ge310pisKoKsT — 3HaYeH-
HSIMHU KOHYCHOTO iHIeKkcy CI Ta€ MOXKJINBICTD
3a3/1aJI€Ti/Ib OIIHUTU MTPOXiAHICTh KOHKPETHOI
MaIIIMHU 34 BIIIOBIIHOIO IIKAJIOIO CITiBBiHO-
menns 3Havenb CI ta MMP.

V takuii cnoci6 e miaxijg MoKHA 3aCTO-
CyBaTH 1 /IS OIIHKK T. 3B. arPOEKOJIOTIYHOT
mpoxigHocTi MTA — B acmekTi omycTHMOCTI
PYXy KOHKPETHOI TeXHIiKU /i1 3aMipsSHOTO
(hisuko-MexaHiTHOTO CcTaHy (32 OIIHKOIO 3Ti/I-
o CI) xoukperHoro noJist. Bupas (6) norio-
Mara€ BUSHAUYUTHU MUTOMUN TUCK Y KOHTAKTI
HIMHKY 3 TBEPAOIO MOBEPXHEIO 6e3 IPOMIiK-
HOTO PO3PaxXyHKY MO TIJIIMU KOHTAKTY Ha
Mi/ICTaBl CTATUCTUYHOTO y3araJbHEHHS ITUH
T IBUIIIEHO] TTPOXiTHOCTI €IMHOTO THUIIOPO3-
Mipy Ha BCiX OCSIX Ta PIBHOMIPHOTO PO3TO/Ii-
JIy HaBaHTaxkeHHs. Q4eBUAHO, o HeobXiane
ompalfioBaHHs i pO3BUTOK MeToauKu MMP
TTi/] KOHKPETHY arpoTeXHIKY 3 PI3HUMHU THTIO-
po3MipaMu IIWH TEPeHbol Ta 33JHbOI Ocell
Ta BiIMOBITHUM HEPiBHOMiIPHUM PO3TIO/IiJIOM
HaBaHTaXXeHb. Y BUIMAAKY BUKOPUCTAHHS
opmysu (4), OKpiM MOTIEPEHBOTO BCTAHOB-
JIEHHS TUJIONII TIJISIMU Ta TUCKY Ha TBePIiil
MTOBEPXHi, TUCK Ha TPYHT BU3HAYAETHCS 3a JI0-

Tabnurs 2. 3nauenus koediuieHta oceii k nyist pospaxynky MMP [11]

KinbkicTs KinbkicTs Besyunx oceit
oceit 1 2 | 3 4 5 | 6
2 4,4 3,65
3 5,25 4,35 3,9
4 6,05 4,95 4,44 4.1
5 4,97 4,32
6 6,2 5,55 515 4,6
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JIATKOBOIO PO3PaxyHKy TJIMOMHU KOJIii, IIpu-
BEJIEHOTO pajiiyca MJIIMU KOHTAKTy Ta BUOODY
3HAUEHHS YMHHUKA KOHIIEHTPAaIlii B /{iana3oHi
3HaueHb Bix 2 10 9 (mocuTh cyd EKTUBHOMY ).
Cy0’exTuBHOCTI 030aBJIeHa OI[iHKA HaBiCHOI
3/IaTHOCTI TPYHTY (SIK OTIOPHOI MOBEPXHi) Ha
6asi CTaHAAPTU30BAHOIO KOHYCHOIO 1HAEKCY
CI, no 3HaueHb SIKOTO TPUB’sI3aHi BKe OIpa-
IIbOBaHI EMITIPUYHI 3aJI€;KHOCTI BUSHAYCHHS
KoeilliEHTIB OIIOPY PYXY, 3UCIICHHS IIHH,
rnOUHU KoJiii — yHll]II)HeHHH eHeprosa-
TpaTHOCTI pyxy Ta iH. 3a WES-MeToaukoio
[10; 11]. He meHIn BaskJiMBUM € TIEPEBAYKHO
JIiHITTHA 3aJIe;KHICTh TBEPOCTI BiJl BOJIOTOCTI
IpyHTY [16], 1110 1a€ 3MOTY /1711 IEBHOTO TUITY
IPYHTY OINEPATUBHO OI[IHUTHU JOMYCTUMUN
(3 5 piBHiB — y mianaszowni Bix 40 10120 klla ta
Biz 80 mo 210 xIla 3rigro 3 [1]) MakcuMamb-
HUM TUCK HA TPYHT XOJIOBUX CUCTEM 32JI€3KHO
Bzl 3apikcoBanoro Ha ranbui 10 10 cMm 3Ha-
YEHHS TBEPOCTI.

BUCHOBKH

DaxTuyHe TOMIHYBaHHS Ha MTEPEBAKHII
YACTHUHI arpapHuX yrigp Ykpainu 6inbir edex-
TUBHUX KOJIICHUX TPaKTOPiB KiaciB 3—6, 1Mo
3YMOBJIIOIOTD JIETPAJIAITIO — MEPEYIIIbHEHHS
yrige [5] noHa gomycTiMi HOpMaTUBHOIO Oa-

3010 [1] Hapasl aKTyaisye mpobaemy onepa-
tuBHOI oriikn M TA 3 ymoB arpoexoJiorii Ta-
Bi/ITOBIZIHOTO OHOBJIEHHSI HOPMATUBHOI Ha3u
HacamIepes o0 METOAIB 1 3ac00iB OLIHKK
Ta JIOMYCKY ZI0 eKcIuryarailii. Bpaxosyoun
Cy4YacHWH PO3BUTOK i MPAKTUKY KOHKPETHO-
ro BUKOPUCTAHHA IHCTPYMEHTapPiio OIiHKU
CTaHy I'PYHTIB, OYeBHHA JOIIJTbHICTh BBe-
JIeHHsST Y HopMaTuBHY 6asy [1-3] mokasHuka
TBEPAOCTI IPYHTY (110 MOOIYHO MiATBEPAKY-
etbed iy [16]). Ha namr mornsan — y dopwmi
T. 3B. KOHYCHOTO iHfiekcy CI 3 BAKOPUCTaHHIM
CTaH/IAPTU30BAHUX TIEHETPOMETPIB Ta 3TiIHO
3 ICTY ISO 22476 [13]. (OcranHiii € Heob-
XiZIHUM 1 3 YMOB TrapMOHi3allii HOPMaTUBHOI
6asu 3C Ykpainu 3 HATO). OueBuano neob-
Xi[HI 0JJaTKOBI TOCJI/IKEHHS 1[0/10 JIeTaJli-
3al1il KOPeNAIiNHNX 3aIe;KHOCTEH MiXK TBEp-
npictio CI ta HJbHICTIO 1 BOJIOTICTIO OCHOB-
HUX THUIIB I'PYHTIB B YKpaiHi, Hacammepes
YOPHO3€eMiB, 110 TPAKTUYHO He JAOCIIKeH] y
WES-meromuii. Kpim Toro, Haouna neoOxiz-
HICTb 1 yTOUHEeHHS — AudepeHItiaiis Jo1ryc-
TUMUX 3HAYEHb TTUTOMOTO TUCKY Y KOHTaKTi
IIUHYU 3 TPYHTOM 3aJIeKHO Bijl TUIIOPO3MIpY
HY (Ta BiIMOBITHOTO HaBaHTAKEHHST (JIUB.
puc. 1)). Bee 11e BUMarae moiaibImx JOCJi/I-
JKeHb Ta JeTaJisarii.
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ABSTRACT

Drebot O., Melnykov O. Environmental and eco-
nomic assessment of agricultural systems and pro-
ducts: problems and their solutions. Agroecological
journal. 2025. No. 4. P. 6-18.

Institute of Agroecology and Environmental
Management of NAAS

e-mail: alexej.min@gmail.com

The article examines the theoretical and metho-
dological grounds of the ecological and economic
assessment of agricultural systems and their products.
The article considers such methods of ecological and
economic assessment as ecological and economic
analysis (EEA) and life cycle assessment (LCA). An
improvement of the method of ecological and eco-
nomic assessment is proposed, which would take into
account the integral economic effect — the algebraic
sum of the ecological, medical and biological, social,
energetic, technological, economic effects of organic
land use and the corresponding effects and losses of
traditional land use. The main indicators of the analy-
sis of the efficiency of land use within the framework
of the control area method when comparing organic
and traditional land use systems are highlighted. The
main problem when comparing agricultural systems
during EEA is the correct determination of the mag-
nitude of the effect and loss of agricultural enterprises,
since all pollution processes are difficult to take into
account. As a rule, only part that can be seen and
evaluated is subject to economic assessment, therefore
the calculated costs are always less than the real ones,
and do not take into account environmental, social,
medical and biological damages. These damages are
measured, at best, only on a regional or country scale,
but they are not reflected in the activities of an indi-
vidual enterprise and are not taken into account in the
cost of production, and accordingly in the retail price
paid by the consumer. This is confirmed by leading
world studies. Analyzing statistical data, it was found
that the costs incurred by agricultural enterprises of
Ukraine for environmental protection do not cover
even a small part of the environmental damages they
have caused. Thus, the total amount of current envi-
ronmental protection costs in Ukrainian agriculture
in 2024 amounted to UAH 122.04 million, including
current costs for the protection and restoration of
soils, groundwater and surface waters — only UAH
13.77 million. The amount of capital investments in
environmental protection in agriculture amounted to
UAH 45.05 million, of which UAH 4.98 million were
capital investments in the protection and restoration
of soils, groundwater and surface waters. At the same
time, the state of use and protection of soil resources
in the country is characterized as unsatisfactory and
tends to deteriorate. The main shortcomings and rea-
sons for the unreliability of the life cycle assessment
methodology in the comparative analysis of organic

and traditional land use are considered. To eliminate
them, it is proposed to use functional units based on
both the quantity of product and area (territory), take
into account the loss of biodiversity, land degradation,
the impact of pesticides, including on product quality
and human health, social consequences, and supple-
ment LCA with indicators of ecosystem services that
assess the supporting, regulating and cultural services
provided by the system.

K ey w o rd s: sustainable development, com-
petitiveness, profitability increasing, environmentally
friendly agricultural land use, agricultural technolo-
gies, ecological state, quality of organic products,
greening.
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The biologicals market has experienced remarkable
growth, with global valuations exceeding USD 10
billion in 2023 and compound annual growth rates
(CAGR) of 12—-16% across product categories. The
biopesticide segment alone demonstrates a CAGR
of 16.1% for 2019-2025, while the U.S. biofertili-
zer market is projected to surpass USD 1 billion by
2029. However, significant barriers persist in trans-
lating scientific advances into commercial success.
Regulatory frameworks, particularly in developed
markets, impose complex, lengthy approval processes
that disproportionately affect small and medium-sized
enterprises (SMEs). The European Union’s dual-tier
authorization system, requiring both active substance
approval and product-specific registration, can extend
market entry timelines to nearly a decade, effectively
excluding innovative SMEs from key markets. Bio-
logical products — biopesticides, biostimulants, and
biofertilizers — are increasingly seen as key tools for
sustainable development of the agricultural sector,
allowing reducing the use of chemicals, improving soil
condition, and increasing crop resistance to biotic and
abiotic factors. The relevance of the study is due to
political strategies, in particular such as the European
Union’s Farm to Fork Strategy, which mandates a
50% reduction in chemical pesticides and 20-30% re-
duction in fertilizers by 2030. A comprehensive meta-
analysis of scientific publications from 2020-2024,
industry analytical reports, and regulatory documents
defining the rules for registering biological products
in the EU and other jurisdictions was conducted.
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Meta-analytical evidence demonstrates significant
agronomic benefits, biofertilizers show 12-25% yield
increases, while biostimulants enhance nutrient use
efficiency by 9-15% and improve stress tolerance.
However, the complexity and duration of registration
procedures for biopesticides, the limitation of the list
of permitted microorganisms in EU legislation for
biostimulants, and the lack of unified methods for as-
sessing «soil health» are currently the main obstacles
to the development of the biopreparations market.
The greatest difficulties are experienced by small
and medium-sized enterprises (SMEs), which do not
have the resources to undergo multi-year regulatory
procedures, which contribute to market concentration
in favor of transnational corporations. To achieve sus-
tainable development goals, it is necessary to reform
regulatory systems, harmonize international standards
and implement risk-proportionate requirements. Fu-
ture research should prioritize several critical gaps.
Among them the systematic meta-analyses examining
moderators of biological product efficacy — particu-
larly soil properties, climate variables, and manage-
ment interactions — would enable environment-spe-
cific recommendations. In addition, economic analy-
ses comparing total cost-of-ownership for biological
versus conventional input systems, accounting for soil
health improvements and long-term sustainability
benefits, would strengthen adoption business cases.
Moreover, comparative regulatory analyses examining
approval efficiency, safety outcomes, and innovation
rates across different jurisdictional frameworks would
inform evidence-based policy reform. Finally, longi-
tudinal studies documenting soil microbiome shifts,
carbon sequestration, and ecosystem service provision
under biological product regimes would quantify sus-
tainability benefits beyond immediate yield effects.

Keywords: biopesticides, biostimulants, biofer-
tilizers, soil health, Green Deal, Farm to Fork Stra-
tegy, small and medium enterprises (SMEs), innova-
tion barriers.
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The article is devoted to determining the invasive
potential of Nicandra physalodes in the territory of
Ukraine. The aim of this study is to perform an ecolo-
gical and coenotic analysis of Nicandra physalodes (1.)
Gaertn. in localities situated at the boundary between
Central Polissia and the Right-Bank Forest-Steppe,
as well as to assess the species’ invasive potential
within its current natural and geographical range. To
achieve this goal, we set the following objectives: to

classify the plant communities of the N. physalodes
localities according to the Braun-Blanquet phytoso-
ciological system; to determine the coenotic affiliation
of the species within the studied region; to identify
the ecological spectrum of N. physalodes using syn-
phytoindication methods; and to evaluate its invasive
potential under the specific environmental conditions
of the study area. The species was mainly recorded
on cultivated plots with potato and onion crops, as
well as on fallows of the first and second years after
cessation of cultivation. The phytocoenoses with the
participation of Nicandra physalodes belong to one
class, three orders, four alliances, and four associa-
tions, among which we identified the following va-
riants: Ambrosio artemisiifoliae—Chenopodietum albi
var. Nicandra physalodes, Echinochloo—Setarietum
var. Nicandra physalodes, Portulacetum oleraceae var.
Nicandra physalodes, and Erigeronto—Lactucetum ser-
riolae var. Nicandra physalodes. The vegetation of
these communities is characterized by low floristic
diversity (7—11 species) and the dominance of segetal
and ruderal species typical of the classes Stellarietea
mediae and Plantaginetea majoris. According to syn-
phytoindication analysis, the habitats of N. physa-
lodes are characterized as submesophytic—mesophytic,
subacidophilous—neutrophilous, mesotrophic—semi-
eutrophic, with the narrowest ecological amplitudes
for perennial moisture regime (6.09%) and soil aera-
tion (6.93%), and the widest for moisture variability
(15.91%) and nitrogen compound content (11.82%).
The microclimatic conditions of N. physalodes lo-
calities are mesothermal and subcontinental, with an
eughemerobic level of anthropogenic transformation
(11-11.5 points according to the Didukh—Khomyak
scale). It was found that systemic herbicides of to-
tal action based on N-(phosphonomethyl) glycine
showed low efficiency against N. physalodes, indica-
ting a certain level of resistance and high ecological
plasticity of the species. Such adaptability, together
with broad ecological tolerance and high reproduc-
tive capacity, suggests that N. physalodes possesses
a considerable invasive potential and the ability to
expand its range throughout Ukraine, especially
under current climate change trends and intensive
agricultural land use. Therefore, the species should
be regarded as a potentially dangerous invasive ele-
ment in agroecosystems. Continuous monitoring of
N. physalodes populations within agricultural land-
scapes and adjacent disturbed habitats is recommend-
ed in order to prevent its further spread and establish-
ment in natural or semi-natural ecosystems.

K ey words: invasive transformer species,
seed weeds, anthropogenic transformation, climate
change.

Mudrak 0.1, Antonyuk Yu.2, Mudrak H.3, Shcherb-
liuk A.2, Demyanyuk 0.2 Ecological features of
vascular plants flora of the Karmeliukove Podillia
National Nature Park. Agroecological journal. 2025.
No. 4. P. 36-46.
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In this article for the first time, we analyzed the
taxonomic, floristic, ecological-coenotic and choro-
logical structure of the vascular plants of the National
Nature Park «Karmeliukove Podillia», which is loca-
ted in the territory of the Haisyn district of the Vin-
nytsia region within the administrative boundaries
of the Chechelnytska settlement, Olhopil village and
Obodiv village territorial communities. The territory
of the park combines unique phytocenoses of Eastern
Podillia, the study of which allows us to determine
the patterns of flora formation for planning measures
to protect ecosystems. We found that the flora in-
cludes 668 species of higher vascular plants, of which
the leading place belongs to the families Asteraceae,
Poaceae, Fabaceae, Rosaceae, Lamiaceae, Apiacea,
Brassicaceae. The ratio of the leading families Astera-
ceae, Poaceae, Fabaceae is 5.7:3.5:2.9. According to
Raunkier’s classification, it was determined, that
hemicryptophytes (351 species) prevail in the park.
A significant proportion is made up of therophytes
(120 species) and geophytes (78 species). The small-
est number of species is represented by chamaephytes
(7 species), species immersed in water (3 species) and
with floating leaves (3 species). According to the
main biomorph, perennial polycarpic grasses prevail
(60%), annual and biennial monocarpic grasses make
up 27.4%. It was established, that the ecological and
coenotic structure is characterized by species diver-
sity according to the main (forest 18%, ruderal 13%,
steppe 4.5%, meadow 3%) and transitional cenomorph
(forest-meadow 7.6%, forest-steppe 4.5%, meadow-
forest 4.2%, ruderal-forest 3.1% and forest ruderal
2.8%). It was noted, that in terms of chorological
aspect, the flora of the national park is characteri-
zed by the predominance of European, Eurasian and
Euro-Siberian species. It is noted that the flora con-
tains plants endemic as Carlina onopordifolia Bess
et Szaf. Kulez. et Pawl.,, Glechoma hirsuta Waldst.
& Kit., Salvia nutans 1., Stachystrans silvanica L.,
Lactuca chaixii Vill., Lathyrus pannonicus (Jacq.)
Garcke, Lotus ucrainicus Klokov, Asperula cynanchi-
ca L., Chamaecytisus podolicus (Blocki) Klaskova
and Linum hirsutum L., which further emphasizes the
uniqueness of the formed flora. A number of measures
are outlined that need to be implemented within the
national nature park to preserve and protect forest,
meadow-steppe and wetland ecosystems.

Keywords: species diversity, species protection,
ecological-coenotic structure, chorological analysis,
ecological network, Eastern Podillia.
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Climatic observations prove the existence of an
increasing global temperature trend on the globe,
which is caused by greenhouse gas emissions into the
atmosphere. The article analyzes the main ecological
impacts of climate change on forest ecosystems of
temperate climate zone focusing on temperate con-
tinental bioclimatic region of Europe. The research
was carried out by analyzing and synthesizing literary
sources and the Internet resources. Direct impacts of
climate change on forests arise from an increase in
CO, concentration, changes in temperature, amount
and precipitation regime. Indirect impacts are the
result of the interaction between changes in climatic
parameters, abiotic and biotic factors. The projected
increase in CO, concentration may stimulate in-
creased growth and productivity of forest stands.
Rising temperatures will cause changes in species
ranges, forest species composition, and competition
between tree species. In temperate forests, without
increasing precipitation in summer and subsequent
droughts may limit forest productivity. In some re-
gions, extreme weather events (including prolonged
droughts) will increase and have negative impacts
on forest ecosystems. In Ukraine, climate change will
significantly narrow the optimal growth zone for two
main forest-forming species — Scots pine (Pinus syl-
vestris L.) and English oak (Quercus robur L.) in terms
of climate humidity. Climate change can increase
the frequency and intensity of natural disturbances
caused by abiotic factors (windstorms, windthrows
and snowstorms, fires in ecosystems), as well as in-
crease the vulnerability of forests to them. It is gene-
rally considered that climate change can increase the
intensity of pest outbreaks and promote the successful
colonization of fungal pathogens. Most of these im-
pacts will lead to increased damage to forests, but the
interaction between abiotic factors must be taken into
account. Climate change is one of the greatest current
and future threats to forest biodiversity, as it directly
affects both species and their habitats. Studying the
ecological impacts of climate change is necessary to
develop strategies for adapting to it and mitigating
its negative consequences.

Keywords: forest stands, tree species, range,
abiotic and biotic factors, vulnerability, stability, bio-
diversity.
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Increasing damage to pine forests in the Zhytomyr
Polissia region due to the impact of insect pests and
climate change requires the development of effec-
tive protection measures to ensure the sustainable
development of forest ecosystems. The aim of the
study was to investigate the impact of insect pests
on pine stands under conditions of climate change,
in particular taking into account solar activity and
hydrothermal conditions, in order to improve fo-
rest protection strategies. To achieve this goal, field
surveys, climate change analysis, assessment of the
spread of phytophagous insects and stem pests, as
well as statistical analysis using methods of count-
ing pine silkworm (Dendrolimus pini 1.) caterpillars
with sticky tapes and Barber traps were carried out.
Correlation and lag analysis of climate indicators
for 2019-2024 was performed. The results showed
a 73% reduction in the area of affected forests, from
951 ha in 2019 to 255 ha in 2024. The main pests, in
particular the common pine sawfly (Diprion pini L.),
the pine bark beetle (Aradus cinnamomeus Panzer),
and the pine silkworm (Dendrolimus pini L.), were
characterized by a decrease in the number of infested
areas. However, pine moth infestations remained
relatively stable, indicating the need for continuous
monitoring and biological control. The influence of
astrophysical and climatic factors on the intensity of
infestations was studied. A decrease in solar activity
(Wolf number <50) is associated with a 15-20% in-
crease in forest infestation one year after the decline
in solar activity. A decrease in the hydrothermal coef-
ficient (HTC<1.1) contributes to drought and an
increase in the number of pests. Such biological pro-
ducts as «Boverin» and «Metarizin» have shown high
efficiency, reducing the number of D. pini caterpillars
by 54-72% and forest productivity losses by 30—40%,
providing economic benefits and environmental safe-
ty. Recommendations have been developed for regular
monitoring, the use of biological products, sanitary
felling, and forecasting pest outbreaks based on the
Wolf number and HTC. The results are of practical
importance for the sustainable management of forests
in Zhytomyr Polissia region and can be adapted for
other regions of Ukraine. As a result of the study,
recommendations were developed for regular moni-
toring of forest plantations, using biological products,
and aerial spraying of large areas with infestations.
Considering solar activity forecasts improves forest
protection during critical times. The results of the
study have practical significance for sustainable forest
management, particularly in the context of climate
change, and can be adapted for use in other forest
regions of Ukraine.

Keywords: air temperature, precipitation, bio-
logical products, solar activity, Wolf number, hydro-
thermal coefficient.
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The specific and relevant organizational and eco-
nomic principles of balanced nature management,
which are based on the laws of nature and society and
are consistent with the constitutionally motivated
imperatives of land relations and nature management
in Ukraine, are substantiated. Based on the previous-
ly developed new ideas, visions and approaches to
the complex modeling and functioning of balanced
use of natural objects, especially in the agricultural
sphere, the functionality of cognitive land economics
in Ukraine has been discovered for the first time as a
new direction in economic science, since the system
is based on unique fundamental constitutional and
land imperatives that are inherent only to the Ukrai-
nian people. It has been scientifically proven that the
constitutional right of the Ukrainian people to land
and its natural resources as natural objects requires
the immediate implementation of this right de facto.
The primary need for accounting and inclusion in
the national balance of renewable and exhaustible
resources as available wealth, which together consti-
tute only a tenth of all and are estimated in the total
monetary equivalent of over 9 trillion US dollars,
is substantiated. The obtained new knowledge has
significant scientific value, as well as real practical
economic and legal interest of all segments of the
Ukrainian community. It is — to establish law and
order in all segments of economic activity related to
land and natural resource use on the «internal front»,
without which victory over the external enemy is also
unthinkable in the conditions of an existential war
against Ukrainians. It is proven that every citizen
(from birth to death), who is alive and has only one
citizenship (the requirement of Article 4 of the Civil
Code) will have in the authorized capital of the nation
an equal share of a citizen of Ukraine (in our case, for
a start, over 200 thousand US dollars), which will be
recorded in monetary equivalent on a special personal
account of each. On this basis, the lifelong personal
economic fund of every citizen of Ukraine will be
replenished monthly — for their own development
and growth...

Keywords: constitutional law, cognitive land
economics, cadastre, soils, research work, nature man-
agement.

Volkogon V., Dimova S., Volkogon K., Sydorenko V.,
Shevchenko L., Sasina T. Direction of mineraliza-
tion«synthesis processes of organic matter in cher-
nozem leached under different systems of agricul-
tural crop fertilization. Agroecological journal. 2025.
No. 4. P. 80-95.
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To determine changes in the direction of mine-
ralization—synthesis processes of organic matter
in the soil when growing crops under mineral and
organo-mineral fertilization systems is the purpose of
the work. We used such methods as field experiment
(stationary field experiment on leached black soil),
field chambers, gas chromatographic and calculation.
The aim was to determine the specific losses of nitrous
oxide (g N-N,O/kg CO,/ha') and establish the di-
rection of the processes of mineralization<ssynthesis
of organic matter by comparing the indicators with
the values of the «reference» soil (soil under fallow,
located next to the experiment). Since the processes
of transformation of nitrogen and carbon compounds
in the soil are closely related, the dynamics deter-
mined the intensity of N,O and CO, emissions from
the soil during the cultivation of crops in crop rota-
tion (potato — spring barley — peas — winter wheat)
with compliance with mineral and organo-mineral
fertilization systems. Emission specific nitrogen losses
(g N-N,0O/kg C—CO,/ha!) were calculated depend-
ing on the studied fertilization systems. In addition,
the indices of mineralization«synthesis of soil organic
matter were calculated by comparing the obtained in-
dicators with the values of fallow. With the systematic
use of only mineral fertilizers, the dominance of mine-
ralization processes was noted, the intensity of which
increased with increasing fertilizer doses. When min-
eral fertilizers were applied against the background of
direct action and after-effect of 5 t/ha! of straw (C/N
ratio = 76.9) with post-harvest green manure of lupine
(~2.6 t/ha! of dry aboveground mass + 2.8 t/ha!
of roots with a C/N ratio of ~16.2), the direction of
the studied processes changed, since the fraction of
mineral nitrogen not absorbed by plants was meta-
bolically transformed by microorganisms into organic
compounds. When applying low doses of mineral
fertilizers (N3g.40P30-40K30-40 depending on the crop)
against the background of organic matter in the soil,
synthetic processes dominated, while at medium
doses (Ngo-80Ps0-80Keo-80 depending on the crop) the
processes of mineralization and synthesis of organic
matter were balanced. Although the application of
high doses of mineral fertilizers (Ngg-120Pg9-120K90-120
depending on the crop) on the background of straw
and green manure improved the ecological situation
compared to the indicators obtained when applying
fertilizers in pure form, it did not provide optimal
indicators (mineralization processes prevailed in the
soil). The effect of straw with green manure on the
optimization of the studied processes faded over time,
but was observed for three years. To ensure the domi-
nance of synthetic processes in leached chernozem,
part of mineral nitrogen fertilizers that is not ab-
sorbed by plants must be metabolically transformed
by microorganisms into organic compounds by intro-

ducing exogenous carbon sources into the soil (for
example, straw, sideral biomass). An increase in the
dose of mineral nitrogen in crop cultivation technolo-
gies should be accompanied by an increased supply of
fresh organic matter to the soil with a wide carbon/
nitrogen ratio. Determination of specific nitrogen
losses (g N-N,O/kg C—CO,) and calculation of the
coefficients of mineralization<ssynthesis of soil or-
ganic matter in the practice of monitoring studies of
the state of soils of agrocenoses may be promising for
obtaining operational information and making the
necessary management decisions.
Keywords:N,O and CO, emissions, soil or-
ganic matter, mineral nitrogen, straw, green manure.
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The article highlights the peculiarities of land con-
tamination with mobile heavy metal compounds as
a result of hostilities. The object of research was 19
collective soil samples taken in five locations on the
territory of Pervomaiska TG of Mykolaiv district and
Snigurivska TG of Bashtanka district of Mykolaiv
region. Three locations included agricultural lands
that were under constant shelling during hostilities,
two — non-agricultural lands — a crater on the site of
a mineral fertilizer warehouse destroyed by an explo-
sion and a line of defensive structures. As a result of
the agrochemical and ecological-toxicological survey,
compared to the control indicators of pre-war moni-
toring of these territories, an extremely high (6.5—
11.2 times) increase in the concentration of mobile
manganese compounds in all 12 selected soil samples
was found. A significant increase in the content of
mobile cadmium compounds in 9, copper in 6, cobalt
in 9, lead in 2, and zinc in 4 samples. The level of
contamination of all surveyed agricultural lands loca-
tions with mobile manganese compounds is weak, but
with cadmium it is moderate. Significant variability
was recorded in the level of contamination with lead
(five samples demonstrated weak contamination, one
each — moderate, medium and very high, four — no
contamination) and cobalt (one sample — very high
contamination level, two each — medium and high,
three each — weak and moderate, one location has no
contamination). There is no contamination with mo-
bile compounds of zinc, nickel, chromium, copper (ex-
cept for one location, where slight contamination was
recorded). No exceeding of the maximum permissible
concentration for the content of mobile compounds

2025 « Ne 4 + ATPOEROJIOTTYHUI iKRYPHAIT

217



ABSTRACT

of trace elements were established. The studied ter-
ritories can be used for their intended purpose only
after reclamation measures. A mandatory measure is
the introduction of constant monitoring of the eco-
logical and toxicological state of the soil and grown
agricultural products. The surveyed non-agricultural
territories are characterized by an average level of
contamination with cadmium, weak and moderate
levels with copper, weak, moderate and medium levels
with nickel, high and very high levels with cobalt. The
absence of contamination with mobile compounds
of chromium, manganese and zinc was established.
The content of mobile lead compounds exceeds the
maximum permissible concentration in all taken in
these areas soil samples by 1.2-2.9 times. Remedia-
tion measures should be carried out on these lands to
prevent the spread of heavy metals.

Key words: agrochemical survey, military ope-
rations, maximum permissible concentration, iron,
cadmium, cobalt, manganese, copper, nickel, chro-
mium, pollution level, lead, zinc.

Stetsiuk O., Kyrychenko L., Lyubchenko V.,
Shtanko I. Preventing deflationary processes in hop
plantations in Polissia. Agroecological journal. 2025.
No. 4. P. 108—-117.

Institute of Agriculture of Polissya NAAS
e-mail: alex.stecyuk@ukrnet

Perennial hop plantations are influenced by
changes in agroclimatic conditions to the same ex-
tent as other agrobiocenoses, which requires new
methodological approaches to existing technological
processes and their adaptation taking into account
the weather and climatic factors of the hop growing
season. Moisture deficiency contributes to the dry-
ing out of the topsoil, especially in the transitional
spring-summer period, when the agroecosystem hop
plantations are not yet protected by vegetation. Most
hop plantations and hop plantings are located on light
sod-podzolic soils of Polissia, which are deflation-
dangerous under such conditions. The article focuses
on the results of research into individual elements
of the technological process of hop cultivation that
prevent wind erosion in the agroecosystem. hop plan-
tations, as well as their impact on the productivity
and quality of hop raw materials. Research methods
include field experiments, laboratory studies, me-
teorological studies, and statistical analysis methods.
It has been established that in the hop plantation
agroecosystem, the determining parameters of soil
anti-deflation resistance are the degree of coverage of
hop plantation row spacing with green manure crops
during the drought period and soil moisture, which
reduces the destruction of wind-resistant aggregates
to erosion hazardous sizes of less than 1 mm. On ave-
rage, over the three years of research, the probable
and calculated soil losses on variants of conventional
technology due to deflation reached 4.76-4.84 t/ha,
soil protection agricultural technologies almost 100%

prevented these negative processes for the hop planta-
tions agroecosystem. The productivity of hop cones
indicates that the traditional cultivation technology
had practically no advantage over the variants of soil
protection. While the cone yield under the traditional
cultivation technology was 1.63—1.72 t/ha, the soil-
protective cultivation technology realised itself in
the range of 1.53—1.67 t/ha of hop cones. Seeding
hop planting row spacing with a diaper-oat mixture
made it possible to obtain the same cone productivi-
ty as humus application within 40 t/ha every two
years. Compared to the absolute control (no fertilizer
option), we observe a significant yield advantage for
both the traditional and soil protection technologies.
On average, for three years, the advantage in the ac-
cumulation of alpha acids is observed in the variants
of soil protection agrotechnologies, compared to the
traditional one, the increase was 0.3 absolute percent.
Thus, the effective functioning of the agrobioceno-
sis of hop plantations can be ensured by the use of
new environmentally safe soil protection agricultural
practices based on maintaining row spacing under
siderable crops and introducing them into the soil
superabsorbent moisture Teravet. Agrobiological
methods of soil maintenance allow to reduce the an-
thropogenic load on the hop ecosystem, maintaining
stable productivity, support the natural process of
soil regeneration, prevent deflationary and dangerous
processes on light sod-podzolic soils, and in terms of
productivity of the resulting hop raw material, they
approach traditional technology.

Keywords: hops, soil protection technology,
green manure, soil, Teravet absorbent.
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The study analyzed the results of agrochemical
surveys of agricultural lands affected by military ac-
tions in the Izium, Kharkiv, and Chuhuiv districts of
Kharkiv region. The soils of the surveyed sites are
characterized with high and medium natural fertility,
and some are classified as particularly valuable soils
of the Steppe Left-Bank Province. The results of the
research revealed a significant increase in the content
of mobile cadmium compounds in the soils of the sur-
veyed sites by 3.2 times compared to the pre-war level
(0.05 mg/kg). The spatial heterogeneity of cadmium
distribution reflects both the intensity of military ac-
tions and the influence of local soil properties on the
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migration of heavy metals. It was found that among
the 16 surveyed sites, only one, with an average con-
tent of mobile cadmium compounds of 0.07 mg/kg,
can be classified as uncontaminated. Three sites ex-
hibit a moderate level of contamination (0.20 mg/kg),
while twelve sites have a low level (0.14-0.17 mg/kg).
The area distribution by contamination level showed
that 69.1% of the surveyed lands are characterized by a
low level, 24.0% by a moderate level, and 6.9% remain
conditionally clean, without detectable contamina-
tion by mobile cadmium compounds. Exceedances of
the maximum permissible concentration (0.7 mg/kg)
were not recorded, indicating a relatively safe level of
contamination and no ecological risk for further ag-
ricultural use. The spatial heterogeneity of cadmium
content indicates localized accumulation influenced
by anthropogenic sources. The main factors of this
influence are active military actions—detonation of
munitions, combustion of military equipment, de-
struction of engineering structures and industrial
facilities containing cadmium alloys and protective
coatings. Although the current level of contamina-
tion does not pose an immediate ecological threat, the
results emphasize the necessity of systematic moni-
toring to track the dynamics of cadmium migration
over time and across spatial scales, especially in areas
with localized contamination hotspots.

Keywords: agrochemical survey, maximum per-
missible concentration, soil, military actions, monitor-
ing, contamination level.

Sadovyi O., Mardziavko V., Rudenko A. Optimi-
zation of the spectral composition of phytolamps in
closed soil to improve food stability in Ukraine in the
context of postwar recovery. Agroecological journal.
2025. No. 4. P. 129-135.

Muykolaiv National Agrarian University
email: sadovyuyos@mnau.edu.ua

The article presents the results of an experimental
study of the influence of the spectral composition of
LED lighting on the growth, development and pro-
ductivity of vegetable crops in closed ground. The
relevance of the topic is due to significant yield losses
in open ground, due to climatic risks, soil degradation
and instability of weather conditions, as well as the
reduction of sown areas due to military operations.
These factors reduce the efficiency of traditional ag-
riculture, limiting the possibility of stable provision
of the population with high-quality vegetables. In the
conditions of a controlled greenhouse environment,
the risks of losses can be minimized, especially when
using LED phytolamps with an adaptive spectrum,
which allows optimizing the photosynthetic activity
of plants and increasing the efficiency of energy use.
The aim of the study was to determine the optimal
spectral parameters of lighting to increase the produc-
tivity of tomato (Solanum lycopersicum, variety «Chu-
mak») and lettuce (Lactuca sativa, variety «Odesa
75»). The experiment was conducted in a training

greenhouse using 100 W LED phytolamps in four
modes: full spectrum (control), predominantly blue,
predominantly red, and combined with the inclu-
sion of infrared (IR) and ultraviolet (UV) radiation.
During eight weeks of vegetation, weekly measure-
ments of plant height, leaf surface area, biomass mass,
chlorophyll content, number of flowers, fruit mass,
and yield were performed. Statistical processing was
performed using the one-way analysis of variance
(ANOVA) method with a significance level of p<0.05.
The most effective was the combined spectrum, which
provided the maximum yield of tomatoes (4.9 kg/m?2)
and lettuce biomass (186 g/plant), and also promoted
the harmonious development of vegetative and gene-
rative organs. The blue spectrum stimulated the ac-
cumulation of chlorophyll, but had a limited effect on
generative processes, while the red spectrum enhanced
fruiting, but reduced vegetative growth. The results
obtained confirm the feasibility of using adaptive
LED phytosystems with a controlled spectrum as an
innovative and energy-efficient tool for increasing the
productivity of vegetable crops in closed soil. This is
of particular importance for the post-war restoration
of Ukraine’s agricultural sector and strengthening the
country’s food security.

Key words:survey lighting, LED phytolamp,
limited resources, vegetable crops, adaptive agricul-
tural production, photosynthesis, greenhouse culti-
vation.

Lazariev M., Yermolenko S. Radiological aspects of
the application of local fertilizers in a radioactively
contaminated territory. Agroecological journal. 2025.
No. 4. P. 136—-142.

National University of Life and Environmental
Sciences of Ukraine
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In light of the prevailing circumstances, it is im-
perative to explore methodologies for enhancing
the nation’s resilience, with a particular focus on
Ukraine’s food security. This undertaking necessitates
the utilisation of cost-effective resources, including
the reintegration of radioactive contaminated land
into agricultural production. This land, which was
previously abandoned following the Chernobyl in-
cident in accordance with the Law of Ukraine, holds
potential for repurposing. The issue of rehabilitating
areas contaminated with radionuclides began to be
considered almost immediately following the initial
assessment of the extent of radioactive contamina-
tion. As early as the 1990s, studies were undertaken
to ascertain the feasibility of cultivating high-quality
agricultural produce in regions characterised by va-
riable degrees of radioactive contamination and dis-
tinct soil characteristics. It is evident that mineral
fertilizers, most notably potash and calcium fertilizers,
have been instrumental in mitigating the radioactivi-
ty levels of plant products. In view of the ongoing
military operations, the temporary loss of territory
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(including agricultural land), and the rising prices
of mineral fertilizers, the search for and scientific
justification of the use of more affordable means that
can influence the transfer of radionuclides from the
soil to plants is becoming particularly important.
One of the measures that assists the private sector
in maintaining soil fertility on household plots is the
utilisation of ash produced following the incinera-
tion of wood and rural stoves. The present study is
an analysis of monitoring studies, which sought to
determine the level of radioactive contamination of
wood ash formed in private households in areas con-
taminated with radionuclides. In addition, the study
assessed the impact of ash application to the soil on
the radiological quality of potatoes. The present study
analyses available information and new data on the
radioactive contamination of wood ash after burning
wood for domestic heating purposes during the winter
months. The ash produced in the spring is applied to
the soil for the cultivation of various crops, primarily
potatoes. Research has demonstrated that, in nume-
rous instances, the degree of radioactive contamina-
tion of household ash has been found to approach, and
in some cases, exceed the criteria for categorizing it
as radioactive waste.

K ey words: radioactive cesium (137Cs), wood
ash, density of radioactive contamination, specific
activity of 137Cs, potato.

Demyanyuk O., Poltava O. Foliar fertilization as
an effective method to increase the productivity
of agricultural crops. Agroecological journal. 2025.
No. 4. P. 143-150.
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Under the growing challenges of food security and
the negative impacts of climate change, enhancing the
efficiency of agricultural production — particularly
through the optimization of plant nutrition — has
become of strategic importance. One of the effective
approaches is foliar feeding, which ensures the rapid
and efficient uptake of nutrients by plants, especially
during periods when nutrient absorption from the
soil is limited. The aim of this study is to summarize
scientific approaches and practical experiences related
to the use of foliar fertilization as an effective method
to increase the yield of major cereal crops (wheat,
maize, rice, rye, barley, oats, and millet). A biblio-
graphic search and content analysis of publications
from international and national scientific databases
were carried out, and comparative as well as analyti-
cal-review methods were applied. The results of the
study showed that foliar fertilization has been used
worldwide for quite a long time and is now considered
an effective technological practice for sustainable
agriculture. This method of supplying plants with
essential nutrients is particularly important for cereal
crops (wheat, maize, rice, barley, rye, oats, and millet),

as it contributes to higher yields and better-quality
production. It is well known that nutrient deficiencies
during the early growth stages or in critical periods of
development disrupt key physiological and biochemi-
cal processes, determining the level of productivity
and yield quality. Fertilization during these critical
growth phases stimulates physiological and biochemi-
cal processes, increases chlorophyll content, enhances
photosynthetic activity, promotes the accumulation
of proteins and carbohydrates, and improves yield
structure and productivity components. The use of
complex fertilizers, micronutrients (Zn, B, Mn, Cu, Si,
S, etc.), as well as organo-mineral and nanoform fer-
tilizers, has proven particularly effective, as they en-
hance nutrient uptake and plant tolerance to drought
and salinity. Foliar fertilization also reduces environ-
mental pressure on agroecosystems by minimizing
nitrogen losses, improving nutrient use efficiency, and
decreasing the risk of soil contamination. Thus, this
method of fertilizer application represents an integral
element of integrated plant nutrition management
and a crucial component of sustainable agriculture
aimed at increasing crop productivity, preserving soil
fertility, and ensuring global food security.

Keywords: plant nutrition, fertilization, culti-
vation technology, cereal crops, yield, product quality,
efficiency, micronutrients, stress tolerance.

Glukhovets D., Matusevych H. Phytosanitary con-
dition of the maize agrocenosis depending on chemi-
cal protection systems. Agroecological journal. 2025.
No. 4. P. 151-160.
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The article presents the results of research on the
impact of different chemical protection systems on
the phytosanitary condition of maize agrocenoses un-
der the conditions of the Right-Bank Forest-Steppe
of Ukraine. During 2023-2025, the effectiveness of
herbicidal, insecticidal, and fungicidal crop protection
systems was assessed based on weed infestation levels,
population density of key pests, and the incidence and
development of diseases. It was established that the
combined application of soil and post-emergence her-
bicides (Akris + Stellar Plus) ensured a significant re-
duction in weed infestation (down to 3.5-8.2 plants/
m?), with a technical efficiency reaching 95.3%. The
analysis of weed species composition in maize crops
revealed that annual weeds accounted for 85.6% of
the total infestation. Among them, spring annual spe-
cies were predominant, comprising 74.6% of the weed
community. Perennial weeds such as field sow-thistle
(Sonchus arvensis L.), field bindweed (Convoloulus
arvensis L.), and couch grass (Elytrigia repens 1.)
represented 1.4% of the overall weed population. The
dominant weed species in maize fields were Amaran-
thus retroflexus (35.6%), Chenopodium album (22.3%),
Setaria glauca (17.0%), and Elytrigia repens (8.2%).
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Among the harmful species, the greatest threat to
maize crops was posed by wireworm larvae (Elateri-
dae) and the European corn borer (Ostrinia nubilalis
Hbn.), which exhibited high levels of harmfulness. The
intensity of maize damage by these pests was strongly
influenced by hydrothermal conditions. In years with
excessive soil moisture (May 2025 — 64.6 mm of pre-
cipitation), seedling damage by wireworms exceeded
10-15%, whereas in drier periods (May 2023-2024),
the damage level decreased but remained within the
economic threshold. The highest harmfulness of the
corn borer was recorded in 2024-2025, when crop
infestation levels ranged between 22.0-40.0%, which
was associated with excessive rainfall in June. Con-
versely, a sharp rise in temperature in July 2024 led
to a decrease in pest population density and damage
intensity. The application of the insecticide Ampligo
(0.2 L/ha) at the BBCH 18-19 stage proved to be an
effective measure for controlling both soil-dwelling
and stem-boring pests, reducing their harmfulness by
25-35%. The use of the fungicide Abacus (1.5 L/ha)
significantly reduced the development and spread of
helminthosporium and fusarium diseases of maize,
providing reliable protection during critical stages of
organogenesis. The fungicide contributed to a marked
decrease in leaf and ear infection rates, which posi-
tively affected the preservation of the photosynthetic
potential of plants. The obtained results confirm the
expediency of using Abacus within the maize protec-
tion system against a complex of fungal pathogens.
Thus, the integrated application of herbicides, insecti-
cides, and fungicides in maize protection systems con-
sidering the biological characteristics of phytophages,
weed species composition, and prevailing weather
conditions ensures stable control of major harmful
organisms and promotes the maintenance of agroeco-
logical balance within the agrocenosis.

Keywords: cereal crops, herbicides, insectici-
des, fungicides, weeds, pests, diseases, agroecosystem.
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The article presents the results of a two-year study
(2023-2024) on the effect of different plant densities
on the morphological characteristics and produc-
tivity of four sunflower hybrids (Groot, Tor Sumo,
Stark, and Avalon) in the Left-Bank Forest-Steppe
of Ukraine. The research covered periods with both
favorable (2023) and arid (2024) weather condi-
tions, which allowed for an objective assessment of
the hybrids’ adaptability to various agroecological
factors and the determination of their productive
potential under stress. The study aimed to investi-
gate the influence of varying plant densities on the

growth, development, and overall productivity of
sunflower hybrids. The research methods included
field observations, measurements, and related assess-
ments, all conducted in accordance with the stan-
dard methodologies for field trials and state variety
testing. The findings confirm that optimizing plant
density is a key tool for fully realizing the genetic
potential of sunflower hybrids. The analysis revealed
a clear hybrid-specific reaction to increased density,
which manifested in changes to plant height, head
diameter, and leaf area. In particular, the Groot and
Stark hybrids were found to be more adaptable to
intensive cultivation practices and can be grown at
higher densities while maintaining high productivity.
In contrast, the Avalon hybrid was highly sensitive
to increased competition, leading to a sharp decline
in its morphometric indicators and final yield. The
study established optimal plant density ranges for
each hybrid, which is crucial for practical application.
It was shown that the ideal density for achieving
maximum yield for the Groot and Avalon hybrids is
60-70 thousand plants/ha, while for Tor Sumo and
Stark, this range is 70—80 thousand plants/ha. The
conclusion is drawn that a rational combination of a
hybrid’s genetic traits with appropriate cultivation
techniques enables effective management of sunflower
productivity in unstable climatic conditions, ensuring
a stable yield even under drought stress.

Keywords: yield, plant density, head diam-
eter, leaf area, plant height, plant competition, hybrid
adaptability, arid conditions, favorable conditions.
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Soil contamination with mercury (Hg) represents
a critical environmental challenge due to its pro-
found neurotoxicity and its tendency to biomagnify.
Legacy industrial zones, in particular, often contain
high concentrations of Hg, posing long-term risks to
ecosystem stability and human health. In response,
phytoremediation has emerged as a promising green
technology that utilizes plants to extract or stabilize
contaminants. This study provides a comparative in
situ assessment of two ubiquitous, nitrogen-fixing
legume species, white clover (Trifolium repens 1.) and
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red clover (Trifolium pratense 1.), to determine their
natural capacity for mercury phytoextraction from
historically contaminated soils. Field investigations
were conducted on plots with a significant mercury
concentration gradient, ranging from a baseline of
0.04 mg/kg to a heavily contaminated 5.26 mg/kg,
the latter of which far exceeds regulatory limits
(2.1 mg/kg). The concentration of total mercury
in dried, above-ground biomass and corresponding
soil samples was quantified using a direct mercury
analyzer DMA-80 evo (Milestone, Italy) based on
thermal decomposition, amalgamation, and atomic
absorption spectrometry. The plants’ accumulative
efficiency was evaluated using the Bioconcentration
Factor (BF), calculated as the ratio of Hg concentra-
tion in the above ground plant parts to that in the
soil. The results revealed that both species success-
fully grew without visible signs of toxicity across
all contamination levels. A strong, dose-dependent
relationship was observed between soil Hg levels and
the concentration within plant tissues. The highest
accumulations recorded were 0.25£0.01 mg/kg for
T. repens L. and a notably higher 0.45£0.01 mg/kg for
T. pratense L. Interestingly, at the lowest background
contamination level, both species achieved a BF>1,
suggesting a hyperaccumulative potential under con-
ditions of low environmental pressure. However, the
species demonstrated distinct accumulation strategies
at higher concentrations: T. pratense L. exhibited
a linear uptake response, while T. repens L. showed
a polynomial (non-linear) trend, suggesting the ac-
tivation of tolerance mechanisms at peak toxicity.
Given its greater biomass production and superior ac-
cumulation capacity in highly contaminated soil, Ti-
Jolium pratense L. is identified as the more promising
candidate for practical phytoextraction applications.
These findings underscore the potential for using
common clover species in managed phytoremediation
systems. Future work should focus on identifying the
phytotoxicity thresholds, investigating the genetic
and physiological mechanisms of Hg uptake and se-
questration, and developing sustainable management
strategies for the harvested, mercury-laden biomass.

K ey words: phytoremediation, heavy metals,
Hg, pollution, Fabaceae, plant resistance, bioconcen-
tration factor, phytotoxicity, soil contamination.
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The use of green manure crops in winter wheat
agrocenoses plays a crucial role in maintaining soil fer-
tility and ecological stability. Green manures improve
the nutrient status, stimulate soil microbial commu-
nities, enhance enzymatic activity, and contribute to

the formation of a sustainable agroecosystem. The
objective of this study was to analyze the structure
and composition of soil microbial complexes under
different green manure crops in order to assess their
influence on microbiological activity, organic matter
transformation, and ecological balance in agrocenoses
of winter wheat. The experiment included four green
manure crops — spring vetch (Vicia sativa 1.), oil
radish (Raphanus sativus var. oleifera Metrg.), white
mustard (Sinapis alba 1.), and milk thistle (Silybum
marianum 1.) — representing different biological and
ecological groups that differently affect soil nutrient
availability, moisture regime, and productivity of
subsequent crops. The results demonstrated that the
introduction of legume green manures, particularly
spring vetch and field pea (Pisum satioum L.), pro-
vided the most favorable conditions for the activation
of soil microbiota. These crops significantly increased
the abundance of ammonifying and amylolytic micro-
organisms, indicating enhanced nitrogen transfor-
mation and carbon cycling. In contrast, cruciferous
green manures such as white mustard and oil radish
stimulated the growth of actinomycetes and promoted
the mineralization of organic residues, thereby accele-
rating nutrient release for plant uptake. However,
the use of milk thistle as a green manure resulted in
a sharp increase in actinomycete populations, which
is associated with signs of microbial imbalance and
degradation processes, potentially reducing soil bio-
logical resilience. At early stages of winter wheat on-
togenesis, the highest mineralization—immobilization
ratio was observed in treatments with spring vetch
and field pea, suggesting active nitrogen mobiliza-
tion and efficient organic matter decomposition. The
pedotrophic coefficient was greatest in variants with
white mustard and vetch, reflecting optimal microbial
community structure and substrate utilization. At
later stages, soils after pea green manure exhibited the
highest transformation coefficient of organic matter,
followed by mustard and vetch treatments, whereas
the fallow variant demonstrated the lowest level of mi-
crobial activity and transformation intensity. Overall,
the findings confirm that the incorporation of green
manure crops—especially legumes—substantially en-
hances soil biological activity, optimizes nutrient
cycling, and supports the ecological stability of agro-
ecosystems. Such practices are essential for improving
soil fertility, maintaining microbiological diversity,
and ensuring the sustainable production of high-
quality crop yields under environmentally balanced
agricultural systems.

Keywords: agroecosystem, micromycetes, eco-
logical balance, soil fertility, microbiological activity,
organic matter transformation, pedotrophy, oligo-
trophy, mineralization—immobilization ratio, green
manure crops, winter wheat.
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The study was focused on analyzing the dynamics
of the spread of cucumber mosaic virus (CMV) in vege-
table crops of Ukraine under global climate change.
CMYV, which is one of the one of the most common
and economically significant plant viruses, and which
affects more than 1200 plant species, including cu-
cumbers, tomatoes, pepper and courgettes, causes
harvest damages from 20 to 50%. The monitoring
conducted in 2021-2025 showed a significant spread
of CMV in vegetable crop agrocenoses. The level of
impact varied from 19% in 2021 to the top 40% in
2024. The highest level (15-25%) was in south re-
gions, where higher temperature and longer periods of
drought contributed to the activity of the virus, while
in northern regions the rate was significantly lower
(8-12%). Symptoms of infection included light green
(35.3%) and yellow-green (25.1%) mozaic, chloroses
(21.6%), blistering deformations of leaves (9.7%) and
discoloration of fruits, accompanied by a decrease in
seed quality. Correlation analysis showed a strong
positive correlation (r=0.86) between average an-
nual temperature and CMV virulence, and a strong
negative correlation (r=-0.94) with precipitation.
The impact of soil organic carbon (SOC) content was
insignificant (r=0.06). Extreme weather conditions
in 2024, including record warming (+1.55°C) and in-
creased humidity, contributed to the massive spread of
the virus through the activity of vectors such as green
peach aphid. In 2025, the incidence rate decreased to
31% thanks to the application of agronomic measures.
Recorded climate changes, including 1.6°C warming
in Polissia and precipitation instability, contributed
to the prolongation of the growing season and vector
invasion. In the central regions with fertile black soils
(SOC 2.0-3.5%), there was intense contact transmis-
sion, while less fertile soils (SOC 1.0-2.0%) increased
plant susceptibility to viral stress. Importantly, 38%
of infected plants were asymptomatic carriers, high-
lighting the critical need for molecular diagnostics for
effective monitoring. Ultimately, the study emphasizes
the need to develop integrated protection strategies
that take into account climatic and soil factors for
CMV control in a changing climate.

Keywords: plants viral infections, Cucurbita-
ceae, monitoring, environmental factors, climatic chan-
ges, organic carbon content, phytosanitary risks.

Kraynyk L., Syvulka P. Agroecological assessment
of machine-tractor units in agriculture: problematic
issues and modern approaches to improvement. Agro-
ecological journal. 2025. No. 4. P. 205-212.

Lviv National Environmental University
e-mail: Lkraynyk@gmail.com

A comparative analysis of regulatory frameworks
and assessment methodologies for tractors and auto-
mobiles under agroecological conditions in Ukraine
and the EU (using Germany as an example) has been
conducted. The study highlights the ambiguity of
agroecological assessment when based solely on the
specific pressure at the tire-soil contact point, as regu-
lated by National Standard of Ukraine 4521:2006. In
particular, at the same specific pressure values, tires
of a larger size (and with a correspondingly higher
wheel loads) cause a significantly greater depth and
perimeter of soil compaction. The range of permis-
sible specific pressure values is 4-fold and depends
not only on the seasons and the corresponding soil
density variants, but also on five levels of moisture
content. The regulatory tools for determining density
and moisture content (other National Standards of
Ukraine) involve lengthy laboratory assessments and
do not take into account the development of rapid as-
sessment tools that have become widespread over the
last 40-30 years. The assessment of wheeled tractors
of traction class 3 and higher with different tire sizes
on the front and rear axles is also problematic. The
study examines the use of soil hardness—associated
with soil density and moisture content—as an opera-
tional indicator of soil condition and as a basis for
refining the calculation of the tire—ground contact
patch area. The proposed assessment methodology
is based on the use of piezoelectric penetrometers
equipped with a standardized conical tip designed for
determining the so-called cone index (CI). It is also
suggested to adopt the corresponding ISO standard
as a national DSTU, which is relevant for other fields
of application as well. Proposals have been developed
for the modernization and revision of the relevant
regulatory framework for agricultural units, taking
into account advances in tools for rapid soil condi-
tion assessment and variations in tire—ground contact
patch area depending on soil hardness, tire inflation
pressure, and axle load.

K ey words: tractors, automobiles, regulatory
framework, soil compaction, assessment tools, specific
pressure, standards, modernization.
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Penaxiiisi «ArpoekoJioriyHoro ;KypHaIy»
NpUKRMaE 10 PO3IJISAAY OPUTIHAIBHI CTATTI,
MiZITOTOBJIEHI HAa BUCOKOMY HayKOBOMY PiBHI,
[0 MAIOTh Ba)KJIUBE TEOPETUYHE, TPAKTUIHE
3HAYCHHS Ta BUCBITJICHHS Pe3yIbTaTiB HAyKO-
BUX JIOCJII/IZKEHb BITYM3HIHUX Ta 3apyOIKHUX
aBTOPIB. Y JKypHaJIl yOJiKyIOThCS 3aKiHue-
Hi eKkcrepuMeHTaIbHi 1 gocigni poboru, a
TaKOX OIJISZIOBI CTaTTi, SKi paHilie He OyJIu
HAJIPYKOBaHi 32 HACTYITHUMU HAPSIMKaMU:
aKTyaJIbHi IpoOJIeMy eKOJIOri, arpapHi HayKu
i TIPOIOBOJIBCTBO, GiONOrTYHI HAYKH, eKOHO-
MiuHi HayKH, JiCOBE TOCIOapCTBO, TEXHO-
JIOTist BUPOOHMIITBA Ta 11ePePOOKH IIPOLYKII
TBapUHHUIITBA.

Koskna cTartss 060B SI3KOBO IIPOXOIUTH
IepeBipKy Ha IJIariaT Ta aHOHIMHE pelleH3y-
BaHHS TPOBiAHUMU (DaxiBISIMHU 3 BiTIOBI-
HOTO HAYKOBOTO HAIPSAMY. 32 BUCHOBKOM pe-
I[EH3EHTa CTATTS] MOKe OyTH PEKOMEH/[0BAaHA
1O IPYKY 9M BifxuiaeHa abo TOBepHEHA JJIs
JIOOTIPAITIOBAHHS.

ITopani craTti MaroTh OyTH CTPYKTYpPOBaHi
BizmoBinHO 0 BuMor BAK Ykpainu momo
HaykoBux crareil (Ilocranosa Ilpesumii BAK
Yrpainu Big 15.01.2003 p. Ne 7-05/1), 30k-
pema:

* TOCTAHOBKA MPOOJIEME Y 3aTallbHOMY BU-
TJISITL T 11 3B’$130K i3 BaXKJIMBUMU HAYKOBU-
MU YU IPAKTUYHUMHU 3aBAaHHAMY;

* aHaJTi3 OCTAHHIX AOCTIKEHD i MyOiKaITiif,
B SKHUX 3aII0YaTKOBAHO PO3B’S3aHHS BU-
3HAYEHOI MTPOOJIEMH, 1 Ha AKI CIIUPAETHCS
aBTOP;

* BUJIIJICHHSI HEBUPIIIEHUX paHillle YacTUH
3arajJibHOi MPOOIEMU, KOTPUM TPUCBAUY-
€TBCS CTATTS;

* BUKJIQJICHHS OCHOBHOTO MaTepiay JA0CIi-
JKEHHsI 3 TIOBHUM OOTPYHTYBAHHIM OTPH-
MaHUX HAyKOBUX PE3YJILTATIB;

* BHUCHOBKU 3 JIOCJI/IKEHHS 1 MEePCIIeKTUBU
[IOJIAJIBIINX PO3BIJIOK Y 1IbOMY HAIPAMI.

CrarTi mofaloTh yKpaiHChKOW0 abo aHTJIili-
cbKoio MoBamu. /o cTaTTi 101a10Th aHOTAllil
YKPaIHChKOIO Ta aHIJIIChKOI MOBaMU 00CsI-
rom 200—250 ciB (1800—2000 3HaKiB), KJIfO-
yoBi cioBa (5—10), 1m0 He Ky6II0I0TH HA3BY,

a TaKOX BiIOMOCTI PO aBTOPIB (MPi3BUIIA,
ininianum, micue ix po6oTH/HaBYaHHS ).

ITy6mikanii aHrIiichKOI0 MOBOIO IIPHIi-
MaloThCs TUIBKU 32 YMOBH X TTpodeciiitHoTOo
nepekyIay. 3a mojadi aHTJIiChKOTO BapiaH-
Ty, IEPEKJIAJEHOTO 3 JIOIIOMOTOI0 iHTEepPHET-
nepexsiagauis (Hanp., Google), marepianu
OyIyTh BiJIXUJIEHI.

o posrisamy npuiiMaroThCsl HAYKOBI CTATTI
o6csrom Big 10 10 20 cTOPIHOK, BKIIOUAIOUYM
Bci MaTepianu (aHoraitii, TabuIli, PUCYHKH
ta Gibsiorpadivni criuckn).

¥ TekcTi cTaTTi MatoTh OyTH BUILIEH] PO3-
mmun «<BCTVYII», «<KAHAJII3 OCTAHHIX
JIOCJIIIKEHD I ITYBJIIKAIII> «MA-
TEPIJIM TA METOAU JOCJIIIKEHDb>,
«PE3YJIBTATU TA IX OBTOBOPEHHS»,
«BUCHOBKW», «JITTEPATY PA».

Po3ain «AHani3 ocTaHHIX JOCHiAKeHb 1
nyO6iKaniii», OBUHEH PO3KPUTH CTaH J[OC-
JIKEHD IPOOJIeMH Y BITYM3HSHIN i ¢BITOBI
HAYKOBIl JiTepaTypi 3a ocTaHHi 5 POKiB.

B ommci MeToaMKH JOCTIAKEHb HAaBOINTD-
¢ eTajibHe BUKJIAJIEHHS METO/IB 1 METOIUK
3 [IOCHUJIAHHSAM Ha IIePIIoJKepesIo (CXeMU 10-
CJIAIB, IOBTOPHICTH, METOAM J1aOOPATOPHO-
r0O aHaJIi3y, METOAN CTATUCTHYHOI 0O6POOKH).
SIkio B TekcTi € abpesiaTypa, mojaBaTH ii B
JIy>KKaX MPU TEePIIOMY 3rafyBaHHi. ABTOPH
MaIOTh IOTPUMYBATHUCS TIPABUILHOI TaTy3€BO1
tepminoiorii (nus. [[ICTY, COY), tepminn
MatTh OyTH yHI(IKOBaHUMU.

BuknaneHHst pe3yJIbTaTiB OCHIKEHb M€
3aKJIIOYATHCH HE B IIepeKasi 3MicTy TabJIuiIb i
PHCYHKIB, a2 y BU3HAUEeHHI 3aKOHOMiPHOCTEH,
0 3 HUX BUILUIMBAIOTH. B 06roBOpeHHi pe-
3YyJIBTATIB CJIi/l IOKa3aTH ITPUYMHHO-HACI/-
KOBi 3B’I3KM MiXK Ofiep:KaHUMU edeKTamu,
MOPIBHATHU OJlep:KaHi JaHl Ta 1MoKa3aTu ix
nosusny. [ToBropennsa onHuX i THX caMuX
JIAHUX y TeKCTi, Tabuisx, rpadikax Hempu-
ITyCTUMO.

Jlireparypa (110 25 jKepesr) MOBOIO OpH-
riraxy oopMIIOEThC BifnoBiaHo 10 APA
(American Psychological Association) cruio.
Ha xosxne /prepesio B CIIUCKY JiiTepaTypH M0-
BUHHO OyTH X04a b OJ[HE MTOCHJIAHHS B TEKCTI,
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ITPABUJIA JIJIS1 ABTOPIB

sKe CJi/l BKa3yBaTU y KBaJIPaTHUX yKKaX i3
MTOCJTITOBHOIO HyMEpAITi€lo.

Penakiiist pekomMeH1ye yHUKATH TOCUITaH-
Hg Ha poboru 10-piunol gapHunu i Gibie.
IMocunanns Ha BaacHi po6OTH aBTOPIB cTaTTi
JIOTIYCKAEThCsT, OHaK He Oinbine 10% Bix 3a-
raJibHOI KiJIbKOCTI JIZKepe.

Makert cropinku. /i1 opurinaj-makera
BUKOPUCTOBYEThCS (hopmaT marepy — A4,
Opi€eHTAallid — KHUXKOBA, OJA 3 YCiX CTO-
pir — 20 MM.

TapHitypu, po3mipu mpudriB Ta Hauep-
TaHHA: /1719 3aTOJIOBKY CTATTi Ta PO3iJiB:
Times New Roman — 14 1T, HamiB:XUPHUIA,
nponucHi, Benuki gitepu; aas YK, ocho-
BHOTO TEKCTY, aHOTAIliil, BiIOMOCTe TIpo aB-
TOPIB, MAINCIB JO PUCYHKIB Ta Ha3B TabJIUIIb,
sitepatypu, references: Times New Roman —
14 Ty miskpsiakoBuii inrepsan — 1,5; abzar —
1,25 cMm.

Tunorpadcbki moroa:kenHs Ta cruii. [1o
LEHTPY Y MepUIOMYy PSIKY CTOPIHKU BUPIB-
HIOEThCSI TeMaTUYHA PyOpHKa, 0 AKOI aBTOD
noziaB ¢Boto myosrikartito. Hamasi ingexke Y/IK

HaOMPAEThCS 1 BUPIBHIOETHCS 3a JIIBUM KPAEM.
3aroJioBOK CTaTTi HAGMPAETHCS B HACTYITHOMY
3a Y/IK psiaKy i BUPIBHIOETBCS TIOCEPEIMHI.
[ToTtiM BKa3yioTh: IIPi3BUIILA, HII[iaTK aBTOPIiB
(smimMiT — gtk 0cib), HuKUe — Micie poboTu/
HaBYaHHS, aJipeca eJeKTPOHHOI TOIITH, KO/
ORCID aBropa (kypcuBom). SkIio aBropu 3
PI3HUX yCTAHOB, IiCJIs MPI3BUIIA aBTOPIB Ta
HA3B YCTAHOB, Y AKUX MTPAIIOIOTh/HABYAIOTHCS
aBTOPU, CJiJI MPOCTABUTU OAUH 1 TOU caMuit
BepxHill udpoBuii ingekc. /lami posrarmo-
BYIOTb aHOTAIlil0 Ta KJIIOYOBi CJI0BA MOBOIO
opurinaiy ctarti (KypcuB); TEKCT CTATTi; Bi-
JTOMOCTI TIPO aBTOPIB.

Ta6auui Matoth Oyt BUKOHaHI B Micro-
soft Office Word; ¢popmyan — y pemakropi
bopmyan MS Equaition; rpadiku — y Micro-
soft Office Excel, pororpadii — y dopmari
Jpg,tif abo mamaBatu opurinanu. Takox Bl
pucyHk# (Tpadikn) 10/JaTKOBO HA/ICUIIAIOTh-
cs1 Ha okpeMoMy apkyti — y Microsoft Office
Excel.

BianosizanpHicTb 32 3MiCT cTaTTi HEce aB-
Top. PykommciB penakiiist He moBepTae.
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